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( *jj» Oj£j 01 L^JL>o j*j[jub (jij p-Lflljl y>- JLi ! j 

JL9 4j !j 4 L-Oil L p |%i ^ 1 >A ^ oowJ p ft 4 AaaJ22l 1| ^IL ^ ^3 4^* «^Di 

4-J?L>eJ (jls^ Oj^Ll V jl J 4 2000 flp JLxJ jJU^ 
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,_?* r-*'^u j^H^b 
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5-*j-l^_«Jlj ^yi iJL*-!l s.>jj>r-!l Lg^JJLj ^yiJl 

t ^^oj-^LoJli Ljjlaijl Or*^ (_y^J 

Ja.it jjOl ip j-«^»t-oJL! 4i>0j| j^»il L«Jj tjLjtiVl ip j** j_yip_j 

iijjLi ^yi ^yS^Loj cUJJLS^j 4_«_lai^Jl ^yi LajL^JJ ^yJLp bn 

OJLLJl oj^L^q JLuLJ 0 vjjjJl ^ jJLOJ jjjjOl jlp OJUL«Jl 

,^yj jjOl aJJI JLhP 


—A 1431/3/20 

<a1Si]| j ^ jJu*_U JjJjOI JLP OJLLqJI OJLo ^*uOJ 
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(Ross Bulletin 10) 10 2 J-* V^' '■** 

j ( Small Water Supplies ) 2 II 1LJL*JI <v»UJl 

oJtA J 1 ^ A ^ ' yB Ju JutJl l^S^- J hJUtJ • 1978 4dbUI t • ■ ■ S' i_J ^uj 

* * 

1 a ^.. 1 J ^jL«kil <j^La jJu^jJlI l ^ ^ a ^L?-jlo o 

<1)1 VJ t j^o ojlaj L$Jl j ,4-^oliil OIjlLJI ^ j t ajj jA^\ 

* 

tlJ jj> Ji!j ,^/ojJl ^y> <Ju jJs 2 jlai L»jLS ^yL 1^ .!» c_JUaj| 

« LjJ (DFID) iJjjJl 4.«.‘.~ll 

* 

Ij>LoJlpI o ijJLiil ^yA mJjl>uo ^jb ^jJI jjjb»cJl lJUb 

t WELL J ^bJl Jlp 


^ 2 j . t‘ . l l oJLa jIJlv»J JLjj 
OVI .LuoLlil jjjJl j^yS ^jSLsJl iljLoVl ^yS Jjjaiil ^0 

4f 4 L 

L,>Lijji ^laAJ ( A-s^Ls^L>«I^J| oL^Al3| ^>0 <J ^»U 'y iJLp 

<* 

^ujjLJLo J-jJlJLjj i Jj a a la 7 j la * la >nj <J j_>- LLa_*^o 

,<P oLlflj ^|JL>bI^Ijj o j-JtvaJi AajLjJI oblJU^I 

( j^> j*} LoUj 4 jL!Lo JjJlJI IJjb j& j| 

p-Lg-Jl J ^ j^o ^jS> o j +/3 1.0^jg j 4-JLoLJrf o j-^-9 ^ 1° * J 4_J 
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olS AjjJLJl oiwdl j\ o 

,<L*LJ| (JjJLSI ^ 4uLJ|j 4-wflj jil ^]|j 

4 a aL xj ( j^M t J j*-A jA US' c^xJtJLoj j-oJlj 

*I^JLil ^JLp jJl t_jLiSUl I j_a 4-UU-J Lqj 

OLj-JLj \j*J>-jJ 01 UjLo j}[ a/? J A.O. a/? 7 £fjUUJ ^^LLp^-JI 

|Ua ^ ^aa /3 a /3> tlLo jU» J^U- {jA ^iJLmS» <jl jl <■ <_£ ^“1 

.J2-M 


4^-j-L^LgJl ^JlJLxJl <J^L>- LaU«JL*J ^ylil 4-o-^-oJ| ^^jjjJl ^jA 

j*u 4^?L>Jl 4 -lpUi^^M k-JI ^>JI ^5J 4 ^ UOl 

4JLku Le ^S\j 4 ^j>t A/g II J5U- jJl j v_^JLwiiSfl t-oLialilj p-LqJI 

t |JLA 4 ^SUj ,Jjj-qJl!| it y^J Or* 

t J .1^ d>- 4-jJLlil j*& j^oJi oJLa 01 4£«-*UJj j-A US' 

^l]| 4-i^>- ,5J_P ^ Uto 4jfl3 ^-oJl ^*^-1 
U^-Oj Jjl al)| ^JlP La y 1 ^LiLuj oJL^J ( J^ yd j 

.L$jbl ^yUJl ^IjuVI ^jLl>o 


o ow— »_1 1 ojj_SjLoJ| L-*^cjjjl1 I ^ U * a ^iUJl <w-^ LuSLi I ^ ^ U * ^ 

oLo jJjcsJL! i— wJ SiLp^j cLuJj»tJ a^L*4 l^.il jLlL«Jl 

^ n./l'.'j .aJUJij*- t Jl^iVlj cjis^^o J^\ OJj t Lfji aijIjJl 

.Ji « II J ^>- 2JjJj>- oLo jJLa^o a ^JLlil ^9 *L>- Lo oLiL^^ll 

aL-aJl ^9 t AlJLit-aJl oL>*-J^-aJlj taLuaJl 4 AjjJLJ! 

aL_«Jl *^y ^ 1 

.•U^-o-JLil AjcJ^VIj jA^ialilj jl ^>til ^liaj^ ^IjUcLuhIj 

^1 oUjJLjioJI * < j jfSo 4 pUjIj ejbSOl (J j_L> JbJL>dij 

Ji 4-UUi t i_jUSJI IJLa ^ 10 o j-jLj a‘a^a/37 
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.oJL&o J >- 1 olo jJjco jiLyfiLQ p-l jjiil 4 ^ > - jli LpLs^ji d 


^la*j 4 -l*u>- yj 41*-- d*Japl t £j>-l ^oJl 4 jI Ju ^y 

eljjf't ( j^o Lj| 1 J_>JLJ| ^I-*JJ .4jLq**-o £j-*^ j-«Jl 

Ijla (_] ^<0 ^ ^|5o aJu/» jjl 4***»J| ^^11 l— dS3l 

f, ^ 


oLo jJjwJJ JluLo JbJb»- jJls^J ^L..* Lg-Jj OlLqJ ^j-oJ d*i 

3 Jj»JLJI . 1986 ^Lp Lgj j«JL>«-j y^p- jl Lp-Llo (j-^ 

/■Ju L^joj ^ . ft 11.11 a^aa«»JI o>jipuflftP ^!lp o ^ jp<xk Si o^Lq ^J l j iLftj 

^jjjbp jLptJ^! ^5 vaj liftj>cj 4^j50o jJ-Jj WELL £3 01 

.jjjUJl il-LoVb 43^\p oli 41.x* £^s«pI JJ 1^°^ I— 


^UajJl ^^JLp Uuk oLft>LftjJl l ^S JaIpj 

(_5^JL»tj^ll ^^1) cjL-LjJl «JLa L»jl>t~.^ <. il (JJI ^iallj 

• 4 ^y ! yy» 


^LjJ_i 0 j-Sn-0 IJL* oJLqJlp! ^JUI ^ . ./»Laj j 

: ^y> d 1 


Caimcross, S. and R. Feachem. Small Water Supplies. Bulletin 
no. 10. London, UK: London The Ross Institute of Tropical 
Hygiene (School of Hygiene and Tropical Medicine), 1986. pp. 
78. ISBN 0 900995 10 6. 
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^fcS31 Jlk _ 1.1 


^ >cj ^ ^3 UoL*ipI ^iil L*j>- jiSvil l c_j LS\J I Ijla ^jlaj 

(Point a .\ sa\\\ t-jlj . ^ r~.i H i L-L-l j .A^aLiil e L_<jJ I 

OkJajI j ^jLlJIj t (Boreholes) j-a-^Jl <—> jJu j jLiVLS Supplies) 
j|jj ijSfl ol> ./3 o !l ^»Jl> t: .^ 7 N jUa^'ill eLj 

^•UaJ jl 4 (Treatment Works) oL»JL*-<Jl JL^lj i(oIjjJj-<JLj 
.(P iped Distribution Systems) ^^Sll 

4 4 .l a 2~ . i l j^U a3-a ydl jl\ 

P-LJl oL>cJLx-4ej cA-J'Sfl pl> ,*/3 *. ll ^Jj_ ^JJLj ejlliUli 

(_yll 4*U4>N1 j 


<aa1i] \sq 9 La oj jSjuJI ^ ^ L d . 1 1 oj I ^ Lw<o (j 

L ji 250 ^jp JJLi «>JL*-S ixSLoJl oL>-L>*Jl 

4.4 Jj la-1 J_yi»lj-!l jl J.t . / 3 «. l l 4li Lo) 

• Axi^fl ja £* *LJ| 0>faytf 


oL>o £-y*s>*j idajl JiLo 4 CjL?"jJjJ^slll <— xLjj 

^ijjJl ^QatS^ t£ j>-\ U-j o'jlilp 

. (Gravity - fed Piped Distribution System) JJLLlJL ^ 2 LJl 


■AjyS 4 (High Yielding Springs) S^J^I ^jLJI 
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^ j-* *4 II i-jll^Jl IJLa 

. P-LoJl J ^ >c-lJ LoliaJ I j -q. ^ ol (1) J->-Ll>cJ j-Qj3 P'1 jJLD 

^ AlJUJl dills' ^ J >- 1 oLytJ I j^Jjl 01 *^3* 

Cf* odpLw«-0 ^Lp <JjJ-H^>ti| t^>-l 
<J J */2 a ll Lj-J J-® A_a_*_^- J - 0 O^Lo 1 (j-^cJLoJl .0 j_j-3*Jl 

.t^llS^I IJla ^J> o^jl^jl yA\ 

^Jbljjll t-. jL-^l _ 2.1 

* 

^Jb ^IjLgJl ^5 LoJ| J - g ^ ~ 3| AjJeJljC* 0 J-^J 

Jb oJUJbjtil ( JalJl ,^jLq £j p-lwLlj^y ^JdoVl AjL jlaJl 
i*P jJlj ojJLioJl ^ Aj>-L**j ^yilJ Jid< Ja-Jaj>tj 

• Ldli JjI ^LgJl A^- 1 ^Jl ^ ^LamJ3 A^aL**uqJ|j J^l I 

,i_jllS^i| |JlA ^jI/0 ^3 Ap- ^ liLo ^JbljlJl iwJ ^JL-*bU Allol dUllAj 

£>*^0) fU)( f US>I 2Ld - 3.1 

^j-woJ AjI A .^ -S i ^ LoJi o 

cj ^jJU t j ^JLU o^JL^Jl sLJl 4_1 ^“>^3 cJ j_L>- *sL>*j) 

,4jjoLJI JjjJJ ijjjiil (jisLLsJl ^ Q j . t . * j ^LJI ^ 4iisl^Jl 

jj-fr jl 4-!jJ-!l jl l l ^s- S jjt* jt tj| j y2 il idJLSLlAj 

^-Jls ^ t (Top-down) ^Ju»ti!l iJLjJaj ^LoJl i_jj_L-.l 

£ji*sLiil jl ^jjilliJl (_•> j-L.'V (End users) ^LfJl ^ill.^^ll ^ 
.IL-Lil ^L.ti ^JJl (Bottom-up) 

4 .fl.2>Jl ^Jl (Top-down) J_JLa^Jl »_j j_LJ J-2-s^j \ j 
«* > 

( /^Q bjLP 0 lj_>r_jLo-Jlj obo J-^_9>cJ| y Lo LJLp J ( £~qJL>c~4>JU 

ilj oLjc^j>cJl!I a_^Li>cJ Lq (JLa_>- ajlUUJI oU^I 
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oJlA .AJLob^j ^UajJl aJLj <-j_p jJ dUJL£ j i Aj jd-di 

P’liSfl aJL>&J ^Ualil ^JLu (1)1 aJjJLJI (jl^joL 1)1 oU^I jZ&'l I 

A_>td l,* A *■» i ^J_£- l*^-*- 0 dlJ.5 t ^ 1 1 

L*J>- ^iSvlJl A^-P ^li AlLL>iJl C A^J>- A_*JL»Jl <ZJ I .5 LoJLP *^ f I 

la * SL ^L*_j £-*JL>c~aJl 01 LoJUaJj ^j-o 

.dUi ^ aJLJL?- ^ 

(ol 4>dtJl jl t Jj^iJI j>*p dUS ^ 

.^Laiil A^b^j J^xdil Ajoj^Ul A-JaLz^dyi olj^SlI jl 
IS'jJLo £e-~^>1 o,>JL*I* ^ado 4-oJaj| ^ ol jddi pdl jA ddj 
4 ^J^LdgJl A^-d-P ^3 Aj|d*Jl dLfl j iii °JJ J 

L$_Ojj j£\ jlj^Vl ( jjJ l$J Al£o»«Jl J jJdJl 9 

A-oda_Jl Ajab^J J-JdtJ j j_J O^L>tj0 A_a_p-jL>cJ| o'bflS' jJl j 

.^Ul jIjuVI 

< 3 *. ■>■» ji d j\ (Bottom-up) £j : y? : !l jl jl 

ajjj^v? (Community Management) SjbVl AjL^iajti 

oJLdj ?! j-flJl .Ails' j :<? >r!i la 1 ! ^jLoJI ilJLo^fl AjolJJLwrfl 

(IRC, Jd A a/ 3 A/a i* 2 u*S\ oLj^VI y £j-sij-«Jl 

,<JL>**JI IAa ^uwL^-dl ^u-jU-oJl ^>o jl i 1991) 

01 ^^jL-qJI ^iJLo^l ^Lla-j i y u^< oIjlaI aj^Ij dULubj 

: dj& 

4 * 

i A_>-lj ^o e d-> ^li-o <JJ_slIj Lb ^ 3 ) ^-oJL^e-oJLJ *)1 j_LLc # 
j_do dUJLS' o^SL jl j .(cijjJlj iijULfeJl olJdix^Jl d^>- 

. A*>tA/2Ji ^aALloJI^ Add! Aa^-U1 ^jjQ 

tAJdt^Jl A^pdl^-Nl 4 jJ (^1) l>-do jl |j yy • 

.(A3^lxil Oli <* A-ud^^oJlj 4^- jl jZ£A\j aJUI J 
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I ^3 4JLobl_j aJLaxJLj <JL*JIj>-I Lo|JLLa*uo 0 

.(ajoLqJI^ ^ ^^Lys-'oJ I ^yA 


vuit j aiikJi zJ\ - 4.1 

^j-4 4 - il t ll 4- *_>«— s^_il J ^ A 1 i ^ A 3| LqJL^- 

^3 4_*P ^Jl ^c-JtjLu»i 4 j ^JL oJlj^ 4j>-ilLoJi oLt-oJl I I 

.Lfi^b} jl o j_j j_>tJ1 4 a ]g\ V| j *LuVIj JaJa_>ciJL UaL^J! 

<wii£> o ^oLj^aj ^1 Jij'yi ^jj ^ <!1>J| oJla 

4-uLo ,>j| j-«J Ja-Ja>*lJLI mJjL>b-qJ| <^>v,,+/aM 4-u ^lil <J y>- 

^cj hJ I */2 $ I ^JlP J ^va>J] 4 j 1 o ,^>J| C. * - - 1 wLdJ^ .oJbJL>- ^ l Ajwv&rji 

oLJL*3 < J jU ^i-P j 0 1 ^>o| ^_*J| oJLA ^JlP 

^c-sAijj .Jaji3 ol ^s^l>e-oJl ^LoJLu-'yi ^ 4 -oJ^L^«J| 

^^1-p) ^ -Oi II ^ ^ .» I i I.J-A <JL>*>q ^^3 ^^p| Ol 

.(Boot, 1991 :^JliJl 

i_J j_JL!| oLj-^o 4-j-P J-J ^-1 up Jfl-SJ ^-oJL>s-oJl ^e-s^ JLoJLjtJ ^ 

(3^ljiaj JJilij *LoJ| L$JL*j**j ^ylil ( j£\ jA ^ fl pJa_*-0 c)Li t ^JL>cI^«Jl 

<j>l l 5^ f < * ^ Cr*^ 

4-pT.yaJi OUI 4J>-L>t!| jLipNI j]ol j JL?-1j ol 
1 .^. 1 Ug . o I. a.^. 1 I 4-eP jJLj ^LoJLA^fl ^)| 4_dL^^lfij C ^^1 ^JL<j 

^il jJl ^ j 4-JLj LaLuo jh j j 4jI lj JLp oL^Jl jJu^j» JLp 
oLJl-o^p J^U- ^j-a o L^l ^ J - ^ 0 •» ll Ula £jk */3 ^ jl5 

oJjb ^a J^obcJl ojl^j jl dwdJal Jl jJr (J^lSl jl ^1 ^»tLu-'yi 


0 Ls i 4-^iiil oL^Ji 




oL-oJl 


4 U la 1 l l ^^LkjOJ 4 ,/a H obLftJl Oj-fl-*-laj ^ I j_jLS* jj. 

olljl^Jl) 4 -s^ <aA jj r ^>iJl ^J-ai j_jJ| ^j-o JbJbtiL oLwoJl oJlA 0 ^Jj-L 
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d jz*- j p-lJiiJlj SjJLdJl <J^*- ^jA X 4 ^ j*-+5\ 

4 joIj dUllA ^kI>b«JLi filial! I JLpI j 2 j 4 *s>t*/ 2 ]\ 

. (Almcdom [et al.], 1997) aipU^j ^ j^-Jl «j ytJ ^ Slia*» 


oLwoJl £jA o jhj jU ( oLwoJt j*[*/aA ^c-JLj LqJlLPj 

^LoJl oLS' oJj ^3 LJLp 

<>*JjA j^Lva^o 0^ caJLpj .ojlalSl cilllj 

1 */3 }\ oL-jLo^j 0 1 •» */3 1 ol *■» Sl ^jja 4 ^dLS' djl * ■» S' 

.JLjJL>cJ| ^LJI ^1 la 4 Si ^ o^a 7 JLlP 4 _) JLp-VI ^ f J ^j^ol-P 

/jbJL>Jl jJLs^-oJI OLi JJL^I ^|jL>*JLu-*yi jlS'LlLS j 

jjL^Jl L-LJ ^iJL^Lu-'yi £±jaj Uj^Lo 01 **-*->*j 

.^jJUilSl 


^yS ^yi <^JLfL^Jl oL-oJl ^aS ^3 o jyS oLjjJ Ja-Ja>dJl JlPj 

J_*_) oL^Jl oJLfr ^3 C_5 J S| 4^0 ^LuH L»/2_j! ^ ^ -fl ^C^|/LJ Lo ^AjJL>r-a 

£-*£>t*J| ^y]j_ 0 Jj Jj>- . L^o|Ju>eIa»I 

^ 1 S.^ ^ Jlp J li-fl . aS\ 1 ^ »■>*> ^ II ol «.» Hj V—5 j*^aiSl ^ij 

.Lj^uJLS J«ob*t!l { jp ^*Jl jjl^7 aJI^oJ 
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t ol * - - t * A3 ^ i L* .Sj^-s * >/3 l i-ULP 

.i5y>~l t^l iy l ~ ^ * * *i y^l lj-*j ojj-<Jl IJL* Lbjij^i 

3 jl yt £yo A^i^L>»ifcJl cLjl d. *K JLuLqJI £yo v I . >» 1 1 |JLA 

<jA L"-> 1 y> jjdjj . j a L : * 1 1 y* (_j _y4 ^Jlj-o (_yi 

cljujl dloa'A 1 g A l^T.^1 ij^H toL-<jJl ^ylp t .lUll y A . la » ‘. 1 1 p-ljLoVl 

.oljL^Jl a* oj yy ^Js- i!L>- y 


(Public 4 jLp 4^jLo j ^ 1 ■ Ai a yc A « ^ r»- ^ 1 1 *1 . « ll A - « K t ) ^ 7 w » am 

A A ~ 

i! ( _ y Ip t Uiy*- i?- Water Source) 

j iy jIIj L«Lio ■ JHaJl J-t« d)l iy ^ ^1 j_ylp t Lft-» oL*-!l 

30 JiUb 5 i^j L~~J cujLJ (Round Trip) iJli&Nl aL>- ^1! 

.i2Jj 


C^jJl y> ^IjiVl ^yJ-P iPjJaJLjl ijjlaSlj'yi iiL-^Jl iLs-j • 

JtP jy\!b 3y>-J • 

.ij^-o)l y oL*Jl ^^>cj ® 

i Ijji-lj .iLJl j^oj /^s^l jjSLijyJl • 

pLq Ajj\-3~ ^J-5U ^J-lljLa £-33 1 J 1 1 g 7 ... « 11 ya J. , ■ 1 U T ^ 1)1 # 
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tj) ijj-gJl 4 _L>-j ^j^°J <L)j-£j <•)! c-^llaj 

4^S' £^gJ>eJ ^jA ^JL>eI*-*^J| Ol J-3 jSl« ^Jil (^gJ>«lJl 

jLS' i^Ls , (Hygiene) p-LoJI ^-a 

(4-uflJu^-) J O^Lp < 1 jL*J| y-ll>fcU I Jl>- IjLiJU ^JbtJl 

(l <JjJl>*-Sl j-laJl) 4_l_?-l^ jl (J j -l^oJi 4 _p-Lj ^3 
, Uol ^3*^ I i 


oUJJ t5 ^l ^>JI :1 JjJbJI 


/^) ( *\sjdl 
(fjd Aj^*- 1 


^U1 j*|*£Jl 

( * ) AL4i-’tfl 

lo' ai ' , ‘l sJ) 

( p* 

10 . 25 

20 

4 4- .^>A i J*j ‘ ^1a) a£" JL^Ji j y A 2 JL 1 

^ 500 a-JLLSsJ| a_L>-j aJx£ jt 

j* 1000 

15 - 25 

20 

1 jla 250 — 500 <sL~a aJIa^jI <1>*j 

15 . 50 

25 

1 jla 250 <il~4 a^sIaS^I <L>-j 

20 . 80 

40 

^j_SCJj JjjJ.1 gjl Li- eLJ.1 A laI..Q *l_li jj-. 

30 - 80 

50 

(Jjlil oUl alaS.) } j£jt 

70 - 250 

120 

oJlaI* 


. oLil idl ^ 20 jA| « qU-J1 (*) 

^Jj f>*l} OJl>>1m 1) JJi I^IaJlj .(^jlll ^UajJl |Jl* oL^Lill jJ-S" |». !•>.- .--^ 1 

.4 (J>JIl ^ * Xjj-1»«j^/) jj-jjlSll ^Uaj ol4»-j ^ oL^Lill a.i* 
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H U-* 0\ £-* 

f 4 ** i>< jLo^ 0 J jJL-- ^3j 4-^>«-s^-!l j-JL A_LSL*J| ,>1 j3 1 A_3 j*-0 

, 4j>- LlJ I ^Ljl Aa^S' ^JlP Aa>q ^Jl 

M 4j| V} KjJjjJs JLol® p-ooUaj ^Ul ^llii JL*i*j 

•<i^ i^i Cr° o /a -* a ^ L “ SiL *l Cr° > ^-4 
(JLo-ip-l ^ ^ ./?~ i! mJLp- (J^ j“ jLjlpVI j ■ JL?“Vl l — '“>*-u 

^-l?L flJLon** L . k . - - >■ ^ L jjLu> ^ jl A ] | I 0 (_]^^LJ>- ^ yj i-Ss^wj I 

.^jj| jjs ^UL UalS^o jJLya*Jl >\ -Ajy> 

y. f>«j \ CjIS {y> o jt?J ^Lo-Jl <3^*-^ *^lj 

JL g J (jl 4 *1 * £"*~ * II Jaiaj>eJl ^y]_P i 4 _LJl9 oLa^j Vj pLqJI 

Jujj tld-Aj ■ ^yl. I jjjtll 4*dj>- jj> ijJLxj JsLaj jJ 

^ LoJllP JL»-I jJI J ^jjJJ i-*_u- J jLU JLsJ^I 

.AaIp IjjJJLa 

*UL! jLi>«-oJl ^-A^-xiJl ^ *i ol L*iT 

jJL^oJl ^3 La^a^_>*j ^ JL$ oUl oJLa dojis' 0| i— 'IjjJl Aj iJL-J 

oL3l ^-*->Ji oJLa ^IJLpdLu-l jl j-dLu-l jL L*JLp (2 JjJb>Jl) < j-w%^*t-«Jl 

^j-iaa>c-qJ| jJUaJJ L^jQ 1 J^caaaI | ^J-O AjilS* ^iSl jA Aaaaa>s-J| jjS- j^L^qJJ 


,Aj 


Lixj 


Jl 


oJlA Ji* JU t^^Jl £^S> j-Q jLspVI JL^^I U^jI i^-^>tJJ 

Lo AjiiSJl JaJbL j AJL<d>c^ oLJLlaI» ^1 ^ j-flj JL3 oLolJLpdLunVl 

j^Ls<fl-«Jl ( j^o oLl*JI ^Ijl>cIa>»I jl ^jl>cj Jl £*jl>b-*JI yu^ 

A-JjJLoJl LoJlj^L^JI oL-gJ| ^jjJLj jJ| jj^l oJbJL>Jl 

aj>-L>J a^jL«J| oLiiai^JL) Uijl JLkijj US' ca^jJl>J| 

(Public A-^Ld^^l oL— Li^JJ j! 4 cr aj|juJLS' Aj j_j ^ lil dJ L aai^u**^ ^ 1 1 
.La j AdjjJl j AdL» jll o^liip-VL^ 4 Events) 
4_iLvM c^^tj co^LpI 0 J^jujl oUJaJLoJl ^Jj_ aJLs^VLj Ijla 
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j-jaJl oLL~_>Jl 

,4$jUaJi ^1 ^>eJl pLdi?| ^3 oLuoJl ^ I hA^>«2Lu>f IS' 
^ <jo^L-J| J-oLp c)L3 t^JjJaliJ 4 -Jl?- J ala^- ^3 JLlPj 

La jl ol^jj.la.l!l oJla ^1 A-uLSLoV OJUSj A-L^A*bfl ^-JLSv]| 
ji OJLllJ oLd OjU JlS .i^JLlaJl ^3 4-JuoJtii ol ^JtlJl 4 -op^LqJ 

4-o -L> r 1 a— & 1 1 4— Oi l a i I 4_! <— * ■>■» * .» 1 1 ^-k_P ^~' a * J 1 0 ^ I 

^ oL)LJl jl Ja^^f) ^ {£jjj+0 j * I jA c r *-uL)'bU 

Lo ISli (jla 3 jl S jL-0- 4 JL 0 JI ^ 20 L^-a-3 ^^pjj oi 2 j 1 ^-JjJb>eJl 

CT® S* ^ jLjLpMLj ^jJLi^T c-JJaJl ^-pjj 

* * * " p. 

^jJl2j £-° (^pLo-^>“I Li^JkLoj*- VLais-l ( ^j^ ; Jj) “ill 
—L!3 JS ou tOLiSl J*L* iiUVL v ^sJ| jf JLiiJl 

(Maximum Total Daily ^y„ ^L-p-l t_JLi> il i-«_J ^Lx.- 
* * 

^3 4j 13 I li ol I xaJ 1*1 */3 3 ^ jCj 4-o-*-flJl oJLa j|j « DctH^od) 
.5 LjJ| jjLvsjJI i_a>, J LoJlIp jl icLaJl I Jklall 


S— iUJI JJ ,y ^:wJI »L*J1 .d'A^uJ :2 JjjLmJI 


j->*/ jlJ) 

d>1 Jlaa jl jJla < 1 * <d1 20 c-....:e 

<31^1 

25 - 35 

jlil 

20 - 25 

Jliy 

15-25 

1— si 

10 . 15 

yj^>- 

0,015 - 0,025 


(Hofkes (ed.) (1981)). 

; o* 
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v - Ha il 1 24 ^lp ^ y . /a * ' Lti — ^L; J 

( _ J jL« j.Ji .^a a (_^S ! L* j-i j-J i-~a»-lj 4_o— ;J (_y-*J 4 oJLp-Ij 4_pLu* ^ 

4 ^«ai 4jLt>< <JjUc«J frLJl j . ^ ^ ! LiLS" jJ^Jl OLi lili ^ 

oUS^LoJ . ? \ .?) c, o> j" • .* tipL* ^5 . .lull la .1 

. (Peak Demands) (<_JLkJl 3 jji jl) 5 jjJJl oLJLkx^J 4 _?-L>Jl 
L-L«-P 4 L 0 Lo la »-» jl jjlli 

.jljXlIj ^JJLlI CjIpL- ( _ r -J j jlflll olpLa J^li- 

j aLw«Jl oJi-A ,a- la «-a ^^1) 4a»-L>«Jl 01 t 4 jL JL>- tojLxJl ^ j 

‘..g./l-.'.A t^l.yail 3 Jji oLpLa J*)Ls- 

ol j-xj o **-*~ ! ^NLa- (R&te of Flow) i— >1 . i *bf I Jjlkj j)j «eA -~ ■» 1 1 
i_al_^*jNl (JjLx^o \-£- t_sL*-s^l 6 4 j|jJLo*j JujJ Jl 3 * . 1 U )i ojji 

.jJia- ^Lalftl ^LXaxJ ■- -llall Ijjk ( j£* t^jLtjX^I j^j t 4pL* ^J> 

JaLflj ^^Ip ^LJl i*JuaJ*j (JSl^iaj ^L*X*Nl l- - 1 laXj niDJS^ 

j*i\^hb 4 iLj>) j_yl) jL/ij jt^) Cal ^xill oJLa jl £i)jx)l 

jL.Nl (_y-Lp 4 -jiL^J aLj-c £j. a >aj 3j-^a»j jl t£j)j-X-!l Cal ./a '. a ^ 
JLi k..»i j» .oya* ^jLp Nlia 1 j^laj .(-LJL 

JuIjiJl ^jiuu 3 J. ./a a i I ^ 9 ^-.^aJl ^Jijj .4jjj^vaJl CaL.L»a»Jl 
. (Low Flowing Sources) <^1*1 jJl i_aLJNI j^Uaa ^ 3li- jX^Jl 

L-.lJa.ll jj JL2JT ! 1 

( jiilix)l £^jjXll 1 1 JlUJI 

^yLo ^UaxJ 4.<i,.< t ./»;ll jJ-i-ixJl 5 ^xi 4 jL$J ^ ^xil 

^jjkl <. g./i'i (jl 300 -. jv-*aJ-P jJ-5j 4j^S 0l^--3 
Jl /l^xJ 80 (JjXo-l! ^lii . / ? jl ^ ^ 
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{y> jf-g-ALjl ill j L/39 tlJ JLSL»J| (j -* Iwi-^jJl (L)lj ,^J| 

j^P l jj> <j1j .^-Jl /^jiia i* .1 !l f\ jl*3 20 (JjLx-o-i CJ \ 4 

. . t i l i Jlj ^lSj^ jl (_j1jJ-L! fLoJl * • 1 1 

^Zs*- li-L^- ^-*-Ii ^jJi 4-P J) * */3 A 

^1-P ^ A^jkXj^ ^ » ■>*>■» )i ^_*_l_?tj * *** 4_j I .JjjJaJl ^lhX>eJLu«i^f I 

jJL^Jl j\ JULdil 4**^ jli i jAj[\*/a\\ ob b J 5 ^ 

.ai*J| ^ 15 JjL>^j 

* i ^P ( ] qA9 jJlA 4ioJl t ^ 15 4.^« /n ) / y f $dl t. .1 U I 

1.15 x [(150 x 80) + (150 x 20)] = 17250 1/day 


! ojljuLo ^yCjiJ i_-?L~*j| jlf IJLaj 

17250/24 x 60 x 60 = 0.2 1/s = 11.98 1/min. 

i^"L>Jl Jli tiuJl ^ 25 jL'ill tils' li[ 4 jI ^yju IJlaj 
^y> .(1.25 x 11.98) = 15 1/min JLilj ^y> 

S JjjJl l— Jj>Jl i?“L»Jl £tj */!’..» {_£ j>- 1 

0 j£> t^jlj'ill ^llaJ ^ t_f*J * jLfrJl 4 -“* J t^l J*>U*- 

.iiJjdl f\jA 60 ^l^p- <_$! t5~«5JI oJl* 


iLjjUl ; 2 Jll*JI 

300 _Sl jl j 1 a J>\ j t^/LsLtiJl ^UijJLi jcjdl j .- kj aJIj- 

4 >:A .i (Borehole) jjL»JI v jl 1 ^iJl ^ 2 s>~^ 

( yj fLJl ( _ y JL<> J j ‘S> >Jl <j -* J4L* j-^ 0 J-* jSlj i 

1 ^oiL^uuj fLJl * |Jb>tL^i| L. ^ Jlj <, jl JjlifJl ^ ^j1‘../j1I 

jJl t_JLkJl ./? . a ^Jl /^yu »«_£j| f\ jl* J 18 JjL»_«_i (J-2jJj 
jJl f\ 5940 J LjL-j AioJl ^10 -j jJLi»Jl JLiJl ji ^jJLfj-Vl 
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ojJLi leg am jJLjb ^A_P ^JLaJI oL^Jl Jj_*_>o JL«JL*jj 

^3^LqJI& ^fc-U J • P'Ljl ^lp dll ^ I i 

^iJl *I.JL>*Ia*»Ljj .AjjJLJI <p*-sA*J| J-s^L*J L^jLILo J^£j Jl 
Jl P-LoJl Jl£*L JU cJ^pJI 4^-l>Jl t Lj Jb ojjj1>s-oJ| 

AjjJlJI p-L«J| 4P ^yA Uaj| JjLscoJ jX Jl J^-Jb 

.(1.6.3 *j>^\ ^jl) 

^ ^J| ^5 4j>t »/3 ■» ! | ^| JL>tlA--| C^LpLua ^JLP ^5 ^-qj 

/ol ^iJJL L-ULo ^viSi JjLx>o JlP ol ^a j-Jl **-JJaJl 

^ 1 I a\q s i ^1p j ^ AaJ Lqjl^ i o^Lj Laa>cJ| oJLa ^ »4pLmJI 

Jl jJ* I j^Qj-S-J Jl ^LlJl ^y-l-P J-Jl 1 la Si ^LljVj .V 

^jJ t 5 £*1 >c~qJ| Jl IJUcJLwmuO Jj^j t 5 j-u*» JJLLp- j . jL^-lil olpL- 

T" * * * p, 

4j>-L>J| a/9 A *mj i LqJ^Lo | JL^-Ij IjJL^a jl oJL>-|j Aj>r a/2 A Jl>c_J 

I jA <JU*\ v 5 * jt ^ jVj 

18 0! ijjJb Ai^Jut cl«plial**l 01 iJIIaJI 

c ~=? I «L*Jl oJLa 01 j (ieLJI f\ 1080 ^$\) iiLSa f \ yJ 
i-L>cj i 5940 ^ £ ,1. ^) 1 f j* 4 > iLila 

: Jjiidt oi»U jaVl 

5940/1080 = 5.5hr. 


(Demand t_JdaJl *1*^* ^ oJL* JJiJ^I S j& Ol 

p IjJl^>cj 0l I jjL£ lali ^jJ J j^LJl Pattern) 

ipLo 5,1 JliLoJl ^jJLp) cal^L- 4 jv-isutA 

ieL^i 5,1 j a^l11>o JL1P oJlp-| j <pLu- c * */g Si 

A j^ JU ^1| Aj>-L>J| ^_PJU JLd JuJLlP (o 1| 9 - 1 am ^ J I Oj Lp Ll>< 

•<sj^ 
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ai i (S ^ iiLv»| s j_e *>Li.Ajj 

UlL^i ^iy> ^ AjjJJ J-s-aiVl ^ Oj-S^ 

( _ r »LJl ^ flj ^ylil iiL~<Jl i^aair".* oJLa 0 s i OiJij tijjJu 

Js a j£ai\ oJLa 01 *]as~^kj> liAj .^yLo jJL/u i_J ^il 


Aj^ljj *A3 Jj»-I jJl . t l ! 1 JUaJl JjL« 0^-J 

<j-ij2-{ ^IJL>«JLl*Ijj .^j-JI 18 _jiSl 

A^3 ^>sJ| cLJi j^Lmuo d~»ej jil ^ CjJls- (_$ jJl 

i-Jail! OJUij tOjjitU Jj .<3gJJ 

^ ** ' <JLo^> ^Jjc>0 Luj j .0 jjJJl c-.llg 
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ioJJLa _ 1.3 


jjUuJI _ 1.1.3 

IjJLs <2 j jliitj 01 (_yS0" jJLa« j_yi ol jJaiJl ^ 

oLJI <**^o jJl /ill IJLa ^Iajj .oL^gJU Loj^Lo 

i a. hi pLo (J 4. ^J-sAJlil 4-Jjj (3 J laT?j 

.jaUJl 0 iJla 

jI i_jLiS0!I <jL$J j_yi j*Jlj (_yi -Lp^Jj 

.£^>1 oJLa J ^ IJLiJ* jjlaju il«j- 

jjL^Jl JsLjjVIj jl toJ5>-j 4 _ s SLoJl jJvaJl 
OJj .(2 ( J_*<u iJl jJaJl) ^ 7> ^-aJl ^ J^_*j pL«J| ^ ^yiSo Ls jiji ol 
SiljOl ^ ^y» iwij^il jl 4 j^2JI i-ijJoj JuJLJl jJz- oL<Jl iJLj iJU^ 
aOpLip-VI olj^O/lj oLSL«..<Jl <Lsj c <jli5\i! ^y> L^*J IJj>- A^x^p? 
V (_y^-!lj ol jl ^IjjlSVI ^ ^ ^LijjOl jl t5j-LL*Jl 

JLqJIxj ol ^LaoJI {j* t OJUJL! 1 ^*2L*Jl ^ jZ**ja ^yj ji yj 

Jbjijj ,4 jjJLo oLj 4 .3*.* ^ylt> (_}-®-*^ 01 <Jju ^^JLi pL*j iJijJj j.i .pg a 

■ 0 LJ I 4j>cJ l » a ^ 4-^*3 LoO 6 J-sAflJ I ^9 

5jjjJl» _) j_y^-J L« ^yj (J j^JL-uC ( J^£j >L«Jl JjJLl 

j^Lao OJULaj t(l JiLiJl) (Hydrological Cycle) 
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^Jlj t oL^Jlj oL^Jlj tjlla^o'yi oL uo 

2 l)I *)}\ t 4_ollJl Jj-sAja.ll 

^ " . fi 

. j^LaoJI oJla {jA *!)& jLaIs^Ij i 
^-9 4 _jL-P I jj * I Jj_^j J_9 oL-^JJ jJ a/7 *, ]| jLjl?-I 

c ciUJJ £ <LJl>t*Jl i^Jj^JaJl t ^>o iJiP ^^JlP ciUi $ 4 jj-*_*2-SI 

S j^>Jt ^Lijj <^1 * Lo-<k3 

Jj>J J^asS/I Jtjws^jl] 5Jjl>t* j-fc 2 J^jJlj .J^Jl |jj& ^ 

Oj-j-sAj Jj3 £*1*jI ^J-P «J * •» ll oJufc 

.^p! J^j 



. yi .10 
*i^s>l>- j^Jl ^i>J| .11 
OULLJI i_> j^e> .12 

.13 

<>JU *1* .14 

4^J^>aJl eLb«Jl Jl 4 .til olc4 ft 

al_j_*Jl Jl>- jJ L«JlLP ojiLl oVL>- Jl>-j_» V ft# 

. la»./> 0 >«j ij j>*Jl 


<L>«ia...!l eL*Jl > ) .1 

^-j^lJI <jL»j»- .2 
ftjjljJjl eL* .3 
<hoi« .4 
Ju*j 1 - «3I>- .5 

yi>- <— JS fj .6 

jlla^Sfl eL* <L./i>- .7 
^jla.-ll £jA 4jl*J>w« jUx. 1 eL* .8 
OuLt jA eJLoi .9 


. 4«ft ^9cJl oL^Jl 


oLpJj eL^Jl Jslij t ijUl ejj jJl 

. WEDC : jju , oJI 
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oLv*JI J y>- i?l2i ; 2 

4*j>t la** <Jj|Ju>- Lo| ^ ^>&*3 ** *Ul LoJUp 

“j -.r^ 1 LJ^' jW^' i_^l cA>^ o* ^ 

0L-0JL J Olj-j->t*Jl jl tjL$-jVl jl cJj|jU>eJ| 

£j-A ^J-***_J ^lj I l ) > g-J L— J ol « » l i ■*■«* )J 

.4*3 ' y > til oLJL £jkJl j (1) j**Jl 

^ja IjJ ,<LjLj o^LxJl ^3 ; jLk*VI #L • 

4jLJaj (JjLLoJ) ^/a**» dJlS' IS| ^/jJLoJl ^1 JjLuJl ]a**t 

^-**3 J ^iLoJllI ^1 t^ * * t > > c]| ^-1 jjj ^0 JL* ^ylj| 4 ]^ojco 

Ijla ^Jl jl J*>lJI jl 2 IIS' i e>L«^*Jl jl & /I ^jA 

J aid U5 *>Lo 0 *LoJJ jJUa^S' 4jcoJ»t*Jl jlia*Vl 0 L -0 ^|JL>bI**I O^J 

, 41 a*J| ^$*£1 /ax* ( 0 j* 3 j) 4 * 3 ^ ljlia*l ^fiJuj ^yJl d)|jd*Jl 

^*jk */2 7 01 4_Ju j_L? 0 ijJLflJ 4_>r_*->t*£ jl la j Vi oL** d^jLS' (jl_3 

jjjU jlS ^LJLj s^**5f 4 j^^a]| jLLlo V l oL* oClj^ 

j* jS V LoJbP ~Li* jJLi^o ^A jUa*Vl oL*j . LfrliJLS' 

,4j jJLo (1) j^j LoJuP jl j^L^Jl 4*AJ 
Ji^li Caa/ 2^1 4*>*ia** aL* j\ jlk*l oL* ^ykj ! 4*3 ^5*JI oL*JI ® 

^ (Static) 4-J j_£*>» jl S S^Ul ^^3 cl**-*J ^^aj .^^jVl 
oL>cj| j LJLdl *LqJ| i_jL**Jlj c Lfj jj_>t*/aJl olid jl 4 j jJlJI £-*JLj 

^ ^ A 

,|jb>- la; (jL^>ej| / (^jLa*JVI (J^£j Jj9j 4 . ^3j^>t!l p-LoJl 4^ 

o^Lp oL‘ ^JLJl ^0 Jb JjJl (1)V 4 *Aj 4*3 J>*}\ oLJl (1) Lo LJLpJ 

^|jjI ^ J . 4^*3 jJl 4****>cJl v_J jA\ Lo**^V V 4 j jl]| ^3 LjjL**Jl JLlP 

jj V ^jj-s^Jlj (j jJLiJl (JVt?*' p-LoJl <^jL*Ju ^ 1**j>- jj_>t*^Jl 
, 4-lu^l? oiiL^o /Jl ji Jj J lP .(^LaJVI 
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oL-oJl oJLaj (.iSjJlj jLfilll oLwo Lfllo) I j . giJa «L*J1 A 

i_J jjJJ ai.^^ Ifjoljj^iuO jlij .ijjls i^HtOfl 0 j£j 

lji»JLjco -s*-* ^jt!l Ilf! Lfo|Jtiti»<il 1 \ 0^ lijj 

aL«j LjcjJs eLal! IjJL^o JU»tj 01 j»-A0ll ^y> ^yL jj 

‘ 1 ■ si a ^jji 4j jla LaLuQ ^JL*J 0! c3>JLj <lj j 1"!| ^jA aH-P Js^L>eJ 

. _jJL» 
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•r* 


jjJl iLwi^ll 4-i*P 4 a-S y |*j L ^.^a »uj) 

u?L* jU- 


* UJ| *A>* J* r^ dAj - L “^ </ t* : ' .2 ^ -U^l i*J5L. jjP cJlS 01 

ii— Jjl y £)2M‘*3j 2jL*>- t> 

?»LJ| -jA LJ i^i L« i»AiJI *LaJI III t • 1 

1-« ' 3 q* ^*ip| 0J 

* i H 

j\fj *UJl a*- 01 Ja i—iV? Ja »Ll!l .Ia ?p 1 : «_j 

0'l*-*-a« 0ja*Jl £HJ L b~ a ■■► j11*a1 

? jUa^S/l *j ?X»"b*Jlj 0j»- 


L. kiUli* J* :3^ 

V^“ ,l r* 0* 

?u; 


^Ua> jukj 01^*^/Li Ja 
jl twiii_j| 

v ;t _L* UfLu>J 
?jU~Vl aa^-J 


y» U i~»-j 


*£*>■ 0* J* 

(^jiiji ji) 

?^bj| ,UM »U£~|. 


;4 j- 

«y- JjaJUU)! pUi-s— L >- u-2 / '^yi 

/.jjjVl /Jl r lJi^,L ‘ j J i j » 1 j^J / i jli JilSi 


? ji»Jl i^JJ jt 


TjCjJj i— >Ut* jt 


JijJj Ja 

(jjS* jlj j!) 

flfZabl 0l£*^/ly 


Iji* 15 J^aj »L*il 01 Ja 

yt> 


A+~e-S L~»lu j«J 01 
ijtj ji! jSj aU1*1 XcpI :a 6^ ‘5^ ‘j 

ri i-tSl ~ ^ 

JiZTT . i* .1 »;| ,.. A | • . 16, y *5,,* 4j -U^l 


\y* 25 Jaaj »UA 01 Ja t f U^u-L ji>- ^SS aUi*1 xcpI :_» t3 ^ * J 

f l^J\ y 

^ L«»L« ^j jJ 01 

IjS* 60 Jaaj ►UJl 01 J* ^ iij^kj jZi ►LUJ .w»| : j 6^ ‘5^ -Ul^l 

0* 45* jji c ) ... k»;l | 


. jLjJL^-M _ j\ j-i la la 

. WEDC : >UaJi 
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^3 AIaJLaI ^*Ju 0 1 ^jLo j JL ^4 a jLi^I ^ jJ c-u>*j 

j 

^JL 3 J -9 J ,(2 )l jiajl) £oJL>e-oJl 4 j*-L>eJ oL -0 ^*^0 Lo ^ >c-J 

t<JL*jj .( 2 . 6 . 3 ) ^3 jj ya^ll y* ^Lij <v?L>rJl 0 L 1 S 1 JL! 

^jjLu dULiA cauls' o| Lo— *-*-**'y oLoJl 4 -*_p jLi^-I ^ ^ -o ^ L^ajI 

diilJ oL-gJl ^3 olJbjjJ-flJl jl ^l-JjJJLj jUl j-A-iiu 

.iikioJi 


oLJI JjP jj ^j^ 2 j _ 2 . 1.3 

I ^uoLc^ oL-qJI J^lyaj) ^3 4l*lSDl olJ jJLoJl J 

oL^j^jiilj ( Lj ^ a a C J 1 (Pathogens) o^LulSLii 

<j>cjLJ|j i 4 . » . . La li) oLuL-o-j^Jlj c ^JL-fl-laJl L)l Ju jJl j-^j 

3 .oIj^JLoJI {jo La jz&j oU^LijJlj oLJL*iil 

,^>oL>s-oJl oJLa jLsAIt^I 


pL%JI ^Ul ! 3 £jy*JI 

{ j^ I ^obL! <jJL>tjo o Luis' ^^aj l is* i»*J1 cliSlSDI • 

^ 4_oL»-l oLI Ijj jj j t oL- j ^-oaJlj L^iSLJl Jl* 

Jajlp ^3 oLjLS3l ^ L> *-° J*j>J ,4aL jlaii £)|jbjJ| oli^J jl 
^t_*_sAj 4 -us^-saJI Jgj j-ttJi jl ^iLialii C.aI. 3 Lo (L)LumjVI 

• 4*/? j£* 4— o^t^Jl ^aP 4-uLoJl j^L^LoJI 

jl 4 _a_pI j^Jl *Lu L— o—k-SL] I oUii^Jl <Jljj i o LJ L a.^SLI I • 

>ul ioj^Ul ol ^L jI Ols <-Jlp .<] ■>■**< p-LJl 4 -lpL-saJI 
a^a.LSI oLuL^SUU .a^aVI ajLp ^3 jJUaJI p'Lo ciujJu 
JL3 j .ii j_>J| oL*Jl ^ Jb>- Jj OL-uVL 0 \ J*A *. !l (^Jj^]| 
^>»Llil ^a_3^j ^3 4 ^liLo Ju Jl>*JLS ojL-MaJS ^-*_P CJ>LjL*-o— *-SD l 
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o 1 ll JaSLJlj <_] yJlj .yUi jJl^JJ 

* 

,4*3 y>*J| oLugJl ^3 Lq^uui i*) 1 J d*3 jJ fjJu ^i^A ol jllJiS' 

oIjLj) oliJ-1 j mJLSIp z\ j-o J-o-JtJ j : c^liyL# • 

M ji (yJaJl (JjLii JJLo) oLj yLoJi oJLa jlj 4-J>Lo 

. L fc^ u *L«Jl ^LJI dUi ^ ^°j SjU^ 0 

. Lfj^J ^yJl lZj Lj^-LoJI j oLJl y5L«j 

oj t Ub»~*y L«-5^ .Ljjj-s^ Ij_a Oj-^j J-S cy£Jj 

^ (. 

(_y* *1 _r?“^ (J-U^jj .Ij j-L“ <j lS ^ j*y 
. 1 * j i *■ 1 ~ I Lj Lot f ^JlxXj Lo 

S ,_y5i ^ISis-'iflj .4 jjj yi> j^j iilSlc 

j| ^ . :< ; ! |) ^jjL-ii-Ml jj (^1 j-jj-S-J ^ iJjjj-J> * a ^ * * I Li 

.jLlP^I ^laij (yL*-j£Jl 


c-jwj p-LqJI ^ y^*» o * ->yrj <^1 

L^iSCJl yo ai^jco y 1 ^ y>-j oL^ y>*3 S^Lp j^>tj dUJLi 

yo oLj! j-^>iJ| Jajlp JL^ Jj l*l£Ij 4-s<S> ^0-° Sjj C.* ■>■»«! y* 

* 

^^oL>t-oJl yo Lyji£Jl oJla 0 j& L« LJLpj . laa s jL?»*Jl ^jlSI olji 
y> ^Ui^j . (Faecal Coliform Group) ^^iaSlp jJL^o oli <J jJ jiJl 
j_Aj c CjLj I ^j>cJ| JajLij viJ jJj ^ y>- j CjI oLi5L£Jl o J lA 

o 1 » -Oi ll (^^3 >*-9 4*k& j *k *>. ) i oLljLSJl JLjS^L ^jp 3 ^ ^ j^m^a 

Ijj ■> * ^v*i I j ■»■ »! ! ^y A ^j jl^a 

o^yrj o^Ip (E. Coli) 


4P ^gj>b» lj eJjb _y o ) 9 1 j-*J>«Jl JaSlxJL j.A */2 ^.,11 y]u f’L^Jl ^j3 

jl^o ^Li^o jjb (p-LoJI yo yJLJLo 100 La^jp ^1) L^iSLJI yo 

, 4-3 4 . ^^oJl OjlljlSCii <_JLqJ^-I ^ jjlS' 4 ^LoJl yL 4 ^-^jJL] 
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o j j*/2 i oL/’ jj>c_dil oJla A c^JLi-Jl a^>-LJ| ^jja <^3 >zjj IJLa 
oJuA op US' 4_*_di j~q J dlJjjj oLJLo-P JLju j 4_j j 


£y* (^\ ^ip 4^P^lil lS^" Ol j ,OjLJ-o^JI 

oJla ^^JLp J j.yg»Jl c-JJaijj (E. coli/ 100 ml = zero) L^i£Jl oJLa 


^j-o 0 ^KJL ^t*xv> ^p jl5 p-LoJI Oj-^j LqJlip LoJta 

ijL«Jl jjLa<J| ^ ia*yj| olft j^^lp jl ^Jyj \ y4 

yo JLj JL*J i (_Jyj .iuLyll ^ ^p 

E, coli / 10 j-L ^ i yLn > u o o 1 S ^y>0l j 

E. 50 (j 4 j ^JL oJl j^LsAoJI .V ^*JLq , -^-*d 100 ml 

^L>c_jV 4_L>-Lp 4-^lja JjLi 0j-> jj-^ 8 gljLzxJ 100 ml coli/ 


^yO Ju ^13 jJL*J jl IIa j+~JU jJj ,i Zj jJLlil oJLi jA jJ? 

ojjJb jJl*j j| ^ 8*^1 I JL* jjum <1 )^J .SjLSj ^£51 JjJb j-U^° i^>tJl 

.(6 jJ-sA-oJl oLwO 4>*JljCQ £)La**>eJIj JL?-V 1 ^jA Jj 


^Lj-iJU oJLa_^- (Kits) 4 _aJ|JL^ Ol ^JLP ^ j— Jl j-3 jJLj j 
jl%j V dJS .p'LoJLJ 4 _a_?-jJj_j^i^JI 4^jLa-^_a^JI oL^j_>c_dJLj 
L-JjJua LjJ ^JLi Lq 43 Jj JJ) 4-J|jL*J| 4 j^*I>c*J| ol^j^Jl 

<rf * 

(Testing) (Sampling) jlyp^l jil .i.i~.:S |jy>- LjjJu" 

<laJfcLj O (111 oJLa i j)j . ^ » 

.iiKil 


4 1 ,/? !l oli y»Sll ys JUJi*Jl OLi 4.1 *y>«Jl ^ Li L«^ 

^yo oJLt -1 Jju s^Lp s-LJI jlj ^ y^l (jjl y^j yLit j pLqJL 

*L«J| i;-py yj— ^» cJl! <_$JLJl ^1 »: OLi niilU 

iiUalll (_gj ~ .-< ( Jj-Jlj pi ; Jilyj 01 * -^4 jJLsA^JI 

^ly^) y^Loj tiLjkJl yp ^Ljbj .<JyLoJl c^JL^uOflj 
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*LJLJ 4 Jl»L£J| (Sanitary Survey) i y >JL ^ > 

** j Lo ISli c <L oLJLjtiiL vijjJLgJl 

I jl* Jljj j- 3 *-® *1 

,A^>^>- £jA Jl>cJ jj ^iaieil 

(Lloyd ^>- ^oJl ^9 Aa>lv 3 Jl oL?~ «J l <J oJL^>- jj>cjj 
dLy oU j->^!l ^jcJI Vj-o . and Helmer, 1991) 

A-y>r */3 11 oL>- < wLL$o L<k_»_9 t iad9 ^A>eJlJ| *1 j^>-\ 4_ia_>tJ mJL>bJ| 
^lilj ^aliLgJl itj jAlil vi-ol ^>*J oL. jU-JI jl v_9j _^laJl 

.(Periodic Sampling) ^^JLs^Jl i3jJij ^ <L)I 

flL*Jl 4 -a_P J_J LuJj ^ >-^1 yji 4 £-Jj-*Jl ^3 J->r_J J 

.Aj>iJLjCO ja£> J${*/3A 


jlixoVl aL* _ 2.3 

^Aa^i ^bi>J 4-J^-iJl ^y>\ jUxsS/l «L-a ^£- J j^aadJ 

^Uij jl i jlaoil j*£- ^y> y>- j\ 

^Lo^iI^Vl jj .^jl^ ./» jl 4^£jl (^" Oj^-J 

Laj| " ..m ) J 4 j_£. !<} f-Lfl ?T " . | . " ^ . i i ^~j L.w^ 4-RJ2 J ^-qJ I 

01 y>~^[S) (Ground Level Catchment) w> jVl ^1 _p4 

.L*J| jJ j (^J) ■• . j ‘/3 !| olla..; j\ jiLJlj 
^J^.t) C— Lo jllajoVl oL>0 ^IJj>cIa»I 0) .Sj.ji olp 0 j£j 

.5 ^ Jj^JuJl cjMUJI 


LJUJl £j\a.J\ ^ J^\ I jp'i jLiui'ill oL= £Ats>*jj 

^IjJ'i/LS') 4->r la ... oJlj i-a-j jJl J J->T ./a !l jl ^-S-Il (j-« 

g_aJl jl L... * t > ^J1 A A l a p 1 f^y&J O’l ^ £ -Jl jl C (ojlj^l 

jujl>*JI jl t p-L«Jl alo 
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L <3 j^Lil jl jl 


as*JIa*JI jjp jisl^xJI f-l^JI a*p 1 4 £^*JI 

4_>aL*J| AJL^Jl ^a J-QJtJl c^j>e_j . 4 _j jJLo J j_£j Ol £3 jJLj • 

( j^o dUij ,LjJL!| ^jJb>*Jl i>2j jJ-lil j laJ>- (£*JL>c^J|) 

4il.la.lii c^wJL^lj oLj-oJl ^^oJ><J (J J 4. JLi_>cJi ^ */ 3 *]\ J^L^ 

,oJu>t]| vuL-*ijLo-qJ|_j 


* 

^»JL>tAAAkj c3 .Lub 4 j ^ yg Q- ^ A^P j-J I iH* 1 *!■<>. P ® 

* 

v^j^-Lj 4_yLS\-a| (^liLa LS' ) ■> /? * ) i > g-flii 

jJL^o 3 J->*J 01 £t-**woJl iJLfi .AjjJLJi oLiUn-Jlj jJL ya^Jl 


4*jl*Ji Q 1* ^ ^i il^li*.^ ^i ^ y l ^ A.Qi li I 0][ ® 

4^5" ^|fcl>elA*»l 4 jjLl«JIj 4_l5L*J| 4>s-^ ^3 ^xSi 4-^i 

.<Lp^l3l aJLp oLJi {ji aJLIS 


4j ^JLJ l oLJi *- - • ^ » Ayl^S* (_) ^y> JL>c1**»*qJ 1 4-*jP *- - 1 ^ 3 **^ ® 
p-Lqj ,>j^iil ^yi oJjLflili .jJUaJI ^j-o oL-qJI Jl?-1 aJUp Juo j <J^L>- 

^J-*3j JjJuXj l^^Ij La i 3^ aJLLLs jJ^a-<jJl OkAy>- A*Pjj 

.AjoIJ^gImhI 


jUx«VI a l +A J A^M^ly] Jalib I 5 

1 leJLlP Ayali- A^oJfcl li jUa^a'ifl olyj £c^£J 

j 4AluJl J^U*- jlla*Vl J jla^S c-*yllo Ja*J • 

j 4 Aval ^oI>boJl g-ll>®J • 
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.AJL^oI^Lj ^L-SJl j A a 1 ^ A a la kJ yjo • 

I -o.il aJLi C) La jip dUi ^L^)/Lj 

0 j£j jl c hai Lh^s 4 j>-Llo jl ^xp • 

jl 4 j ^JLo # 
jl i o JL xj 0 


.4x3 jj y> Ou dxxxoJj Aj y^/ui j£> m 

* 

LxjJ-p- oLLJl-qJ| £-j la ■>*> ll Ot-o^>eJLxx^oJl oL-aJl ^ jJL>tJ JLi 

.Lf-o|Jl>ti-u-l ^Li ya jU^ ^ 

jLdJl jl ^-JaJl jl *^wsAfl]| o^x-*^j ollax^Jl ^jlaxxJl 

^ LxJL>xoa ^*p p-L^JI ^ IjLq (isLaUL o^xx^ t .» 1 1 ^1 aj^xjsJI 1a ■ umlLS') 

# s 

^ylll J-iil LS^ £^ t '‘*“-J Aaaa/2a\\ Ol yS (1)^ 

,4jL^ 1)L jlixoVl olx>0 Aa^> yjB oLslS' 
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> »l . lS'1 jt ■ ■ • 2 H . 

jJ> \JlL* (i-lLiJl 
jUx»V 1 »L* 


-*» »■ '■ t_t jL* yA 

WF.DC : jJUoJl 


^j]\ {£ j> ^ iolp Ji 

jJ>\ oLhJL S^lp .(3 ^rL»Jl <^l>- 

j\ jlj>Jl ^1 Jli«j ^ jJl (Downpipe) ^Lj^ai]\ 

JL*J sLaJI y <5 y <jl^o ^jC- J^tJl jl 1 — ^yujl 

^ ■ a 1 ■ ^ i la .-• *i Ojj . y? y * Jl jjLSslJ 'tey - - /a i jJ 4 j la a ]' 





L—i'Lo Lo ISI ^JJl (V) J-Lx-oJl £jjJl Jjb 

c~ij (j-Ul) Ji-J <*J*j (j^o^w- (Deflector Plate) 

oL/Jl lLU-Lj t ((Fascia Board) 5 -^p-j ^ Silp 

.(4 JSCUI) ^kJl ^ iiaiU! 










Jl jjjfl j jb-*ll {y> t.„a..la77 u>ij j t IJLa 

i_y^ t o jLoil dj|j~«Jl t Ha-JtJ jj.lailj j*s l.^axJl 

4_jL^-J aJuLo <d5j!L^J 4_SJ~J .jUs^qS/I 1 %—^ 4j|jb 

ol a 1 >e-qJ| ■» 1 to ^-J-LwO ^J.j *4 ^ <J ‘j_?0 ^J—_5 L AJ j -^" Ji < J J_^j' 

iJli ^^1 ^ i5LiJl oIaj t0j jr fsAil J y-i y (Debris) 

i—J y j] la ‘.7 01 j-*j jj-T jLdj-l tiULlJkj .(5 J^LiJl) la !l 
Jljia-Of oLaJI jji- ijjls- y LliJj I ^ 1 ./3 8 iaj^iaj i„^-)l-ij/l 

oJLfJj t^J) tiijJLOl Ji ^yJlj ^jS/l oLaJI i_jL~J| 

. jL<.il f-Ul JaLlJj ^Jk.Aa’-l jl y j/l ‘ ' i) • 4-Jia iiL^lail 
g-llaxJ 0! Jj^l t-jL— jjfl jJjj-o-1) 4-*a>L»Jl J^iaJl yxj 

(Sump jjy >*-» t-— » 1 jla^ll ebJI o^oJl (J-o-aj jl (_y)J 

.(6 JSJiJl) Pipe) 

■jLJI (J _jiaA ye ol j& JJ y>**S\ t-J y\ £_yaj jl 1 


jUx»VI oL* £j*>u J j>- <u~«LJI oLL*>- ! 6 gy}\ 

j-^-«-d jLiajjll oL-o ‘d_«_S’ yJ-ZJ ^ «. ./3 n ll ^Izsy 

iwii— Jl tiUi 4 j»-L^o is ys j^y)) eJj^A iwia-uu 

.b^- aJLp iiaSLJl jHa* Ml j 
* * 

£_j y jZa As >~ j ^lp JLp-lj ^ Lq^JLb jIJjLoj LlaiLdLo I jbj j) 

t *L«Jl ^ I 0,8 (_ylajij (j^ jill Ji*) ilii ye- iwii-K JL?-lj 

o t ^itjJl I .-.I SjL-jbJl jl Jflflll jLiP jfl jJaij ^JLM 

UU-L» ll y 49-L^uo dJ IS" j) 1 4J1P . oja.^.l l jl.iaall ^JjIjP 

t750 mm y» (_g j:.-ll J U.l l ,_\ j U a Jjbpo jtj 8m x5m 

I 41^ ^y5 1 g*-' v '^-7 ^yJl jUaojll oL» jlJJLo jU 

5 x 8 x 750 x 0,8 = 24000 1/year 
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24000/365 = 661 1/day j\ 


j * ■» )i iZJ l « 1 a ll ^LJj 4j>c^LlJ| oJi_A 4 jjIjLo .» 1 ^ 

oL-o J jS <JLoJL?-| ( ^yo jSlzli oL^oJl oJLA O j^aJL>r « **>JI JJl ^LJI 

^ ^ f. 

SjJapJLi 14^315 4^5(11 d-JlS" jlj ,^_^jl>-L>cJ Lkj'^j \jJu*oj> jQuVl 

pli j_U i_j jJLLaJI 4 . a (J j_p- ji jjjJl j_p-I 0 aw 4JUI 

. 4 p-Lptllj 


4. .a 5 l^jLaP- I^^PtJ t 4-1 j 1 La !l ^^pJl 4*-a5s) .!*£ j-aSj 

giy 1^.3 ^.17 3 JjJpI J^Ip- L^J) 2/^*^ (_$-^ 

(L»^j 137) i*jjl (j-« 0_^4 ijLip- ip"L>Jl llJIS' ISls 

j*J*i 01 1 • s t*i lS-01 4L0JJ * ij 1 L a il ^.s^l j»-ptp«Jli 

; J-A i_sli>Jl i *_^ JA 4 j|Jj 

137x35 = 4795 1 


.4,8 m 3 j\ 


TLJLpJI oJLa ^ t (Factor of Safety) jLl J^Lp aLaipl JlLp j 

1^14 5,5 ^aJ^Lail O^X^*4 

oLal) **A . ■ *~> 0 1 ^ * *C l j j j m . 1 pt_j ?l^j>3 ^ . /3 1 1 t . ! 1^ ? . ^ | JLa 

(4jL!ij tt_jlfl>Jl j3vai (J~~7 SjiUl J^Ip~ isJtpCL^aJlj 4*aPwJl 
f-Lii^U {y> Lfi&i L* Zjzr j 0U-v»j Jjt« ^.. S:! 

.TlLiJl 3 jk<J| JJ 4il5 s-LoJU oLlLiaJl l Jp 


OIj^- (_yi iJjioJl cjLolJb»ti*ji*>U jlu fLj Jpliip-Vl j*j*>L«JI (j-" 
jj .'../3 1 eJujjj (j OljOtJl <1)15 lili .JjlaJl 

La <l)^p- ^^JLp « jJLSJi 0 ) .ijpt^ iSj^Jaj 4L0JI ^lp 'Jj ^flp» ll ■■■*' 
<_JLj«j| ^ 3^“7 Lh^ap- 4JJ1JI ^jp I ^p*ifLi ^Lij^U sLl*J| ^y> 
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A-J jJLjo o J-* o Lo ^jlSo Lo < 1)^^- <1 )^J C aJL£*£uo 

oL>Ijl^jlu-*>L! U, jl A ,«.P jj o!.S a La j-^l «4 a O j ^ P j 

jjiJl ,J3| Js J y 3.5 *j»Jl Jail) <_£ J-'ifl iJjl»Jl 

jlj ^JaAao jljiJl JiLo iijji*jJl aLJl Ay y IJLA 

pj»Jl JaJl) Ajy,a-*S\ j| j-JI y> a j^S 4-_oJ Jlp aL*JI (J yA><J 

.(3.6 


U jJM # UI _ 3.3 

IfcJj J^JI JJ1 >j Uj*)\ »LJI j 2L.01. - 1.3.3 

* 

Lk^n'y (Ajj c^Jixii ^9 4^9^>cJi oL-oJi j u (UlLuh qjSz 
oJlA jLS^oLj j .(2 £-Jj-«Jl) aJL*j9.5 4^ y >- i^J jJ <J*}L>- ( j^o o y lij 
oLuLSJl A_!ljJ A_*_*-*!La 0 j_£j ^ LoJJLPj (J-q-P ^i-P >^-!l 

oli <-j jj J*>L>- jJLo *Lq y li[j i Lj yj oLJl y Ails* Av? 

0^9 i j& t */3 l i ^y {^yL+A <J^L>- t * a /2 > cJ| 

4 c. ^ 

A-*/? ^ .» ■» )j d!jL*jl_S\J| bJLP (jL) Lo— l-P t ^ ^ L ajUI | A « 1 ■» P 

5jl ^>JI Ju ^jL-1 Sjlp Jbu oLlJI oJLa ^9 o 

Ay**\a\\ oLuU-^l ^ y?J • p-LoJl AjJLi-oJl alj-oJl oIJLa3j 

£-JjjJl j^ 1 -LJL* 1 >JI jj cJl ^Lp-1 jy=*-+al\j ij^si 
4-oJ^Lo ol—Jl oJLa Lo 4 ^ 9 oLaJI ^9 olJbjj 1 a jjj 

.^j±J I 

iJU> jj Jj ^»Jl oLaSI (_j jisxj jl 5 t(_£ ^i-1 oNLo- 

oLa!| LjjI SjUp cJlS' jjj ^ylSl j . ‘ . «‘ .<. l lj JuJb>Jl yt 

aLJo1\ jl «. LjJ_jJ j\ Lj-ojJs 1— — -J diifLw— Jl JJ is^ji^o 
oL—Jl Jj_SLj jl ^j-SLaj (jJJJUj “>L«J| jl plJjJl Lj-i ^Ja—Stj 
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<l)jj AP A^jJbcoJl Jffb LoLoJ 


>*/3,ft> Aa 3 '^J>rJ I 

. Aj jJl*>3 dJ IS' 


ol A ^ li j fc A a/2 A £-J> j-a jl ^>tJ 4 jJdll j la >- J-JLd! 

^ jJj ^ (LxJ jl jl OL^ I^£j) ^ 

j+0 ^jL?- JJLo oL j ^aJlj SjUiJl L^j£JI 

j_Lu <jtdj ^o AiL>- ^1 p oJb>-j o| Lo-j— n'y ( J_»3 ^iJl olJlj^-) oIjUi]| 

^ JwLs 42-<»J| ^-*J 4_3 l AA> .» 1 1 ^ (jl ^ 1| C dUi-iJ */3 xi )j ^l 3 j-fl 

■— * 

^-oP Oki-A AaJJ^! I A3 L^, 1 1 *\yZji _^3"^ ^jA 

^JLoUJI Jla jV kiJUSj <a3^>bJI oLuqJI <3 ji AjyJl 

• ^x^lail ^l]| ojj Jtf* ^^ipLd 

A3^\p aJ Aa_ 3 ^_>«Jl o 1 * ^ lj I AP j*** jU t 1 y. 

cjLu«jj_ij (_j-Lp ijjb- jJJl j-u« i_jL~JI (j^"j alj lip . 1 yj i! OJUJLi 

lip “>Lij i-j»=vt!l pl»l»M-5l JL»i5 , 'l Op t L » jj 25 ^ L^SOj 

* 

4iv»LiII AjLa a ip ^ ^ jJa^tJl Op C La^j 50 gj-P 

(. I JLn COlS^ 0| ip^»tJl oLaJI jJL A"J |*-up>tJl ^aL50o 

Olj t l^3^JLfl A.* a aa> ■» ! i ^a-P Aj ^ lU •» l i ■» * -li ^I^Lo A~q*j^La ^y^- 3 

p * 

Aj ^>*v 2-!| j| p-Lvi>iJl i #J d| A_SL>- ^3 j . IJl>- 1 j*ju^ oli J j& 

JjJLlP C (_5 ^JLaaJI^ Aa A,d .» ] 1 J ^>T A/g 1 I (J^L^- AP U i^J jjLdl ^jj>-JU L * - 

.1 jLo AiL—oJl c) 01 £r*/a\± 

^Jp ^ jS'tlli oJL>Jl Aa 3 ^>t)l oLJl J^Ua>» A-P aJI ^J 3 C-A>eJ 
jl oll-^>clJl Cj\*\ JbJL>tJ i^JLialjj l CU3 jJl L^IaP jj J* 

.oLJl oJlA A-P jj Aj Lj->tJ tjJL^Jl c_J ^3 oJbJb>cJl oljCuuKjl]| 

,UI LjIj I ob>- jl Ajp^l (jA-a-J 

OJSJ V j . (Aquifer) ^Ul ^.PJl jl iJLJl oUJaJL 
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^JLpj LjJV dliij A-uLo ^l£>o 4-JuJaJl l_J flits' < J j*\ ^IjjI AajAj 

Oj-SCj Aj'iJ 1 ^ « A ^-j->r * ^ ^ AjLi tP-LoJl ^lp LfSl J-l^l 4 j^° jJl 

Aj^lil olw>- jl) |jj>- AjLuL>*J| Aj^lJl ^jSli3 £j-® oj-5-J lSj-k*»-o-« 

.(a^J jJl 

^LlaJij ^Ul ■» C JI p’l-oJl A-^9 ^Jlll ^j *■>■»■» )i ^y^uxu i j 

UJaiuJl a^x^xjsJI aj^iJI .(Groundwater Table) ^j^JI *LJl 
j_>Jl p-LJI JLkJ Ji . (Uniform Granular Soil) 

^jA • jl jZ-i jA- >m (jjt JuJJP ^L3 UiLu-Li 4 ^-L-oO 

jU c aj j p-Lvo>tJl v_j ^ill o*>LSCJLj i (j£ j>-\ a-j-Ij 

3 Jp ^ylp I^LoJlPI ^>-| c^l {J -0 All^tx-urf ^3j->*-Jl P’i-oJl (^jIa-uO 

i^Jij £3 j-a <jli cUjLqJI Q Lfl a la 1 1 eJlA JJLq ^3j .Lg_l?L«Jlj (3 j-A-kiJl 
. JL?- ^Lq ^^1p ^ lo-unU 1 - o 


jl 0*>L-o ^yU t^r 0 ^ 0 ^J^l *L«Jl (JLlaj J-sAij ^ij 

oLl*J1 (^ ^ laIILwh IaJJLP ]a*M £jP la** jli-t>tj| 

01* lit® .(7 j£jJl) (Spring) ^ A-ij^Jl 

LjLo I jJL^o c^JLpVI ^3 Jjcj3 aIa^JI cjlS* < dUJJ 

^A^cJl jj2j j jLVl Aj>- 1 1 oLJI ^j-wkSCp' ^lp t dU<3 J . U li-a 


^Ja^. Jjl-saJ (J^L! jl £-Sj <_,-!} Lj_*Lji ^ 

(JJl j-LJl J j_p- oLi JL j_J^o 4_jJ 2.3.3 J 

0 LqJla^-^ . ^Lxjllxll oLJI AjO J^eliaL ^ I i 

f, ^ 

<aLj- 0 £JJj_J ^jL^Lu*J| Jl UjJjJl ^ jJLw^-0 t jp UiLp 

^ cs* jjJ ( _ r v>»j'5/l JiliiiL) 


»|jj*Jljj (63 J^LlJl) ^ ^SJL) JaLSiJl ^ jJL* 

ij ^>«J| .L«Jl J jJl jj* jJ-^iSlI JjjJl Cij^i 

.(3.3.3 y&- c-Jj* _jl (4,3.3 bjjjl>ij> jU ^iJbiti^ulj 
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S^LjLj j— ^ *-> (j^ ^ > £lj L^oJU^Pj 

jj-m 2 u>«^JI c ^ r oXJL Asjup c j-oiUl (Impermeable Rocks) 

(_ 5 jl jJjVl Lol .(8 J_SLdJl J is ;Q (Confined Aquifer) 

* 

<ui tLoLJ j j^i (Artesian Aquifer) 

^3 f-LoJl £Jlj^J Ug j-» <0 ^3 j_>bJ| *LoJl 

M Sg » ^4 ll ./g . 1 J (^dJl 

,^gjVl ^ *. 2 1 ( j^o Jjjwtij -■ 4_^i pLftJl 

(_$jlj-jjVl 4 JUJI a_Ljt a ... jj 

jl ^Jlvj 2 _Lj LoJllp i^UjJlSI I i_* j j_£jlj j . (Artesian Borehole) 
(Upper c j_o_SLJJ LJl>JI ULLi_«JI i 2 . \a 11 J^U- (Fissure) <j_d> 

.(8 JSLiJI) Confining Layer) 



(GWT) 


(GWT) i*jLto«Jl (J-s«3 (J^i- oLjl 


v/m 
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^ *UJl (Jliaj 


4-3 J*S\ oLJI ^|JL>«2U*I J '£>• 4^L—I J?Iaj I 7 

^1 4l-jL>cJl <-J ^iJl 4-3^j>xJi oLwoJl IwLP 4-Jiij (j o^Lp ® 

. oLjLa-S’ ^j>~J jl t 4-Jll>Jl j y* ^/a.1 i 

<**> '^-flJl-j c 4JL— Ji ^LjT JlJ? 0 jJ j_i^» (j L« LJLp # 

.0 j^j oL^j j iulSwJl oU^>ti]| 

<j| C l_fl_L^_A oLwoJl Ai # 

. aJL^p coils' 


• e£ j'^j’ ^rd 

. WEDC : >UoJl 
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jjL*eJl 4wJ J-dJ J 4^-X^JbJl |JLp) 4-J oL^oJl ^ll>cJ • 

o JLuLLi^. l l A-JlSli-Jl oU^j>clJl (ajjI JJJ)^\ 

.L^i»bL fjZj 

<J j */a >* Jl ^ o J_P C-..S j| jJLj *~lJI j^s 

tiiLuJl ^ Ls^yJl oLJl J J5- oLojJLju ^ Lo ^^A/ail 
<_}Uu ^ jZLmJi cj L « j|_A - ^ ' j' 1 ri J 1 ^ 

oL« 2‘ . ; .»<. ! |j Ji*i (_g j ~ .~ <1 <~j j£\ Li^jJl oL^Jl 

oLJl o (1 a «/ 2 a >rj^<iJi j ^jLlJI j 

(J-Qjdl I JLgJ 0 J la-tlp oLoJl oJLa jl LgJLp ^L aai < y Lj J$ 

t Jip 4 j^aLJI c^LjLxjjij kJLJ 0 ^ail 
i_#ijt»j| <J j-/38 ^ oljLJL! ejLiSjl jl tjLLijh 
■aLpLvJ L-aj la - A * »** J 4 aaJ^ 3 oLoJl ol ^y)) 

>LJ| (_j o ^ia^jLo ^jas»*JLj £j ^JlJl ii JL^Sl ^ L^liI 

.La^L*^ IjaoIs ^jjJLII (JA.UI tiuJlstllj jb\l 

l yj> iJLJp 3 SjjjJl iJL- ( _ y Lp ^A/a jil ijjj«jL!l JjL- 
1 _a A! L 0 _j! ^iJl jlljl ^j-AAAAl ^yL 

JJJJLP » AAA ,Sf | ^yA 4j| i jL> T JL»AA * I ^aO 1 i . - dti ^jL>*_il 

.^ys^Jlj (JL j]| fLJI £-1 jitl>All 

L«J| ^jao ^yLJl jl ^aaIj L ^^Iaoj 

L-l (j ( JAA*L oLlj'ifl jLSjjLt IuA^AiLaaA 

* oLJl dJLa 

(Driven Tubewell) jL~J! L^J^I _yLl • 
(Jetted Tubewell) iisLJl L^jS/I ^jJ| • 
(Hand -augered ^jJL; ^LLLo-i j\ <jjJ - Jl ^i->JI • 

Borehole) 


y\ y. Vi^ 
^1 
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(Machine - Drilled Borehole) _^L»Jl 

(Hand - Dug Well) IjjJu V 

. * 

oJlA CU-JLs Jj JLi j 4 jjL*^o j 4JLu*iUt-a oLjLdlJl oJlA yo jl 

y> JS' J y- Axyy J-yLflj O^SS US' 4. Ju Lo ^ jlygli-L jy'ifl 

.3.3.3 *y&!l oljUp“Vl oJla 

<3jJg-*j (JiJ-J l^- yo yg a . ^Uwm+JI y*J1 

.U^~ ^5Uj ^1 jhSfl £ljlt J*~4 t^l 

4_UjiiJl m * « « lg li I , y Jl o>a ^ I U^J i I **> i jf 

10 Jajij iJL=^l j! i (Rocky Soils) hji^ai\ jA\ j (Heavy Clay) 

J ju 15 _ 

ii^ta «Wellpoint» *+p\s- y> ytJl <_j jS\ ^b>ti 
* 

.LJL>e-0 CjUii yj| oJjBk ji JJ yJLyg J O^LpJ .^1 di-Jl 4 JuL^J ^ 

LJU ^Jj ^|jj>cl^f^l 4 _*jU£ d* I ^L^Ji 4-yj_jVl jLjVI 0} 4jLJL>«Jl 

•r J 

Jg j) x ygy ]| >LJl UjLd?’ yj I oJLA . 4«jL <L»j ^ yl 

11* (jdj5cij j-y> i>" <y > -^' [ 

yJ CJyjf 4_J| CjU^Lo 4 la .. jj J 1 p-UJl £t-yij jLS(I yo 

jsUjJI ota ' - ^iil 4jLj]o}\ .jla j ,Lw>*_jjJu 4j jjdl . jlL>- 

^9 I 80 ^4 ^xS) Cj^*i ^ ^ 4*oJaILoJl A*pLi! 

V (19 ^ iaj^ia 0) .,J*^)I 

^»JL> r~ .- ~ .4 la « ,,/j jl >LJ| 4->r ./a a 

4_sJL*Jl jjL»«J| ^/ala^JL! j^jJI jl id ^U l 

(>• £j-< i^jLiiyvj jl 
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(J^-P 4^1^° i— > o Ja^J ^i>*Jl 

^J^qLp-sJ o^Lp .^Lil MjcsAj 0 j-s^SLP ^3 I ^I>0 25 «-^3i 

<-*Jj-*Jlj J_fl->rj| JL*, jJ MjjJLj OujJU ^3j mJT) ^li J^OJ 

. jJU^oJl Ijla *hJl 4 j jiiL mjlJloJI 

cLJI J^U iil5 ^Sfl tf^Ul :^f| wJii 

o J l_A 0 LSLo L ,o J-^ j-A-Z*- pi */3 * A ^lJL>eJL**i| JLLP Lo-j-u-'y 4 _a_5 j_>iJ| 

*y j-*&j <-!j $ ■>*> > j j->t i/g !l ^0 jLi^l sjlp oLsajloJI 

<*-u-1Lo 4jjJU 4j>c~LljQ I*!* ' jl^j JL^pI 

* * 

^jj .Ld-gP I jl* 45 -Jl ^jl lall l yLm-fi ^L> eJ Jj oLgJl 
kiiiJJ ( P’Lo L^l 3 Jb>Bj ^ Jb |jl>- AjLgJiJl ji>*Jl t J jJb ^4* j 

.^i>ji jja jLi s^'y Ajixi^'y i j-sA3*yi 

4_la-j-w*j ys*- oUal» o ^j-*y I ol j_Lu*Jl ^3 O jj Jl3_Jj 

L *£ ,^ip*Jl jJb -tils' L-« 4Wlj <l)L*uVl ojJ-3 

^^JLp L$l>*-*£ ^j^gJ <J“*--L! oJlA jJ 

* ^ 

.IjjJj ^ \f../i'ij i(i — >1 OJLj) S^i^j 4i*-L£ 

jlj"Sh L«jls>- jjL^aoil o J l* : Ujjb » j^ <>« .»JI jL^fl 

p-LflJl LoJJLP ^J-sApxj aJLp^JI o Jl* Jl ^ 4-jJ 

LlJ ^iJl (Ji-li (_,)} »Jauj •: Ai5 J Jj t/ 

£_«j jfjlj- i-*_L^lj 4 j-Ll-^o i— JL pVI |» .~ s! l 

^1*j |JL*j ,o 4 j^*- SjJLi ^3 j .si‘*.:7 4jJ5li t lIUS 

Ciji ^ cjLpLl- ?L«Jl 2 <f*£ 01 

l yjt oL^Jl l yj> C-<1 { jp j_*Jj i j-I-Jl 01 

.JOJI J'iU- >Ul ^ ^iJl cu 

jJUjj _ | j^S IjLj*" LijUj jiJl iwiJjuj j&>- CjJJLlP l-8J.‘.««^~ jl5 

yi./3A 0 j£> Lfj| iiL^Vij - (J-®- 6, J ■“• (J^5 ^IjI - 

,Sj-*«J|j Ojj-^Lflj Or 0 ^ jl °j< ♦ JU-xJL! SjjJai- 
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Jl j Jio ji jZ j V L»JL1p jlj'bfl ^Lflj N 01 
* 0 
^jA I jla 40 Jb yi J^p ^1 p p-LqJI ^ j*j-*-i L°bLi pj 

^1 01 OjJtj jLOL! 5— ^ 

(1.2.4 ^j^>cJl) 4-la^tfc *ii jJjJIj A-djj-l? ^Ij^cJLu-Lj LgJbo p-LoJl 

* 

4> r./?J olp ^ll>eJ UjL- O ^lil ^AA^a ij C^2 j 4j2j jla3 

4w4v»jj *-j ^3 La j_j JLd <jjJLj 

> > 

L ^ A ...^ ^ . ,/? a i J i jJj-l ^aaJLj dJJJLi l . ..ll . A 1 ,2.4 a ^>cJ| 

. (Blair Bucket) ^h» 

i ^i>Jl ^ CjLcjjlll y JuJuJl 

,_5 jIaaA O j j! /Oji LjjJb Sj^jiatA ^Ij i^LS) ( j^A~«Jl ^aP ^ Jlj 

ij ^r*J| oLaJI Caj 0^ *— a»«j aJpj >( ^j jj>«Jl .Ul <_}Llaj 

f-LJl (jllaj ^j./3i_ y tjLL>Jl ( _|v2i 5jL$J t_j* 

l^y>rJ >LaJIj (_5jJlJl | (jl*J V 01 * J . 4 J (_£ J^aaA 

£^*0 ^iJl yo 4*&js »*} I oLaJU 4-lpli A^-l>*Jl t. .. lUr" 

.j0^]\ 5 J^U>- 1 jtJl <! jio JjLaa y 

ata.T ^ aJI ^jL^JI OJUJlSj 4aahLuhV| ^^a-Lp^aJ! 3 j ' 

.iJVlj aL.,a. S i ^i»Jl ’ jjl aIjISaJLi LjJU Sj^ji>iaJI jL)\1j 


C*i 


LJt _ 2.3.3 


t g b pLaO| (_}Lkj t ^J-yOJ ^jiA ^0° ^ ^« « . * Si 

SjIaJI ^LJa 0 LoJLlP 5JL>tJl oJjk ^1 3 aa 

^S0aJ|) 4aA AjLjy jl ^jIaaJ A ^ A-ii tC^tJ 

frj. i l l 0 LoJtiP (Jt .n* 01 ^^-»-d OJLSi .(7 

^Oa^n ^jIuaj p-LaJl aaOaJi 
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ir^F £■ "rfr. ^ ijyi r ffc** i! 



fa n f : 
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0 jp^nj \[ B/r Yl 'c/'«'~i jT> jp^nj |[w ,T ’f’> |'p r r|0 c j^O Ij^fo jr^"|3 jfl^ ^ 



^1p ^lil ^lJL«Jl (j4?Ia*«J|^ 

jl5j .jL^JVI L^a-3 ^ j->cj cauls' ^iil jLojJl L^jIjJl>«jloj 
4ib>- ^]?LLo ^3 *1 ja££*}\ oIjLJI J i^jLlLpVl j-oj £jA - <J 
AiL i is'i y* 

Oj-^-j bo LcJLpj .jjJ^Li-oJl oJLa ^JLpI ojJu^jo ^*.17 <J^L^ < j-« 
y* 4 *LdJl L«-uu-^fj 4JLki*Jl ji i?l5 j^Il^^l jl£**Jl 
bj UJj ^: ) 5k >* ^ 4jIj^ ij ^Jlj 

,cjli>Jl J-s^ UlS* (wi>eJ jl Al^Jl ^5b cJlS' 
y*-*i0 dblb jj cij jlij Jb l^j <^JlpV I ^jLJI oL» j 
£jd-Jl 4 jL«j- Lo^o I ^JuP iw^L-jJj jl 4 .P- j « d i <S^J 

,vi-> jAlil 4***0 \ I jl 0 ^ 4JJj pL»J| £^>eJ ci^>«LJ y>A j\ 

• 8 ^ ^ 3 ^^Jl 4 jLo^>- ^ ^3 AaaaaJ^JI ^! >S l 


^mJI 4jU> cJ|*Aa 1 ! 8 ^UyJI 

• 4-Jbll ob/zj 

•i 1j j-bil ^y £jdjl 4jL«j>t) # 
i ^ ‘ ^ 1 1 P-bjl j b^ZJ ^ 4-*J LS'wfl ^ ^^*A**^t*i ® 

.L^jI 4i>o|j3^j *LJl i— >L*-* jI SaLjJ ® 


^0 ^t-yalj oL> 3 ^0 j^So ji jl^ jl J-5>tl3l yo 

j J-£-J ^Ij b$->r la ■*«* jf jb 4_JjL>eJ| J L ^ l| oLa^O yja ^j-u-aJj 
• *^[| 4-3 .3 1 A^g .a >r ■» i o j a */2 3 4-3 1 **> ■» 1 (3*^*^ d* */3 » ifl| 

^Li J ^o p-LoJl jL^?- kiiii ya jl^o^lLj 

JjLx^o ^A_i_j liLi .jJa^gJl <J J ^ & ^o d--&j JLjlj 4_j jl 4 _?-j.J 

* 

I JL^-3 C ^li>0 4j j\ojb 4JLk/9 lp (wjfl5 jJ »L*J t 4P ^w*u Ojl ^>til 4s>~j2j 
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oJlL^ iijJ — J 1 — 

1 ! a jyS L 


. pUJi t j../g'>»i] (jiii y 

. Shaw (1999) ! jJL^Jl 

:9 JSUM 1 


1 6.3 J 414 ^^iJl *UaP 

L • il •>- -,/7 \ ) C J}-b ^j-4 ^J^lj (l) j-*/?) ^^1-P <l!s^L>s^-L1 J 

cu>tj ^ *Ul ^^2-ifi-i *L«-U 4_1_4 L>J I 4tf ; lall ^iJi4i JjJI 

l*i^JJl £jA 4-LoJl ^Jp (jlS^ Lft-iSj 

(^j^lJl SJj>- 1 j 4 la tf j jIjjJ>bJ| Jj ISIj .^>tJa_*rfJl 

<-$s>-\ j^J JjjjUaJl jl Cj Jo jCJl jl ^JaJl {y* d)Ua-w>- ^IjJ^IwjI jj> 

J jjj^^j *J-* 3^ j< ^ J ' Ji Jj d)JJI 

jl i— 1 j-J^l ^wl>tl*~jj .(9 j£jL!l) 45W>U| j^P 4-o^X^Jl 4fl«lfl1l 

J+0-* J 4_lp^J jl 4 a 1 al4 Ji *L«J| Ju^>cJ J J->r «/3 !L 4 -JlJI 

.<1)1 J- jl Ji Lgijj>tj j\ c ( 10 J^JtJl) oLJJ 

olp l_« Ufl^i 4Jfl^>e-«Jl 4 j Jl CU>o jl 1^9 1 ^>Jl j 

(, ^ ^J^l Oj^i (1)1 <w*>sJ ,^->6 >bJ 1 4^*-jJtl4 jl>t^*-| yo jA j»|jL^cl^l 

^ ^ « /? 9 I 1^ wL^-^w^Jl ^^eJ>eJLj 4 1 1 1 jl 

4tf lal4 wLjJj (w^>tJ C tiUi jJl*. J lilj ,4l*Jl J^>- J jl-4 (jL j_>- (J J_*_4 


T 




j>x -> JL jl (Overflow Pipe) ^aIp ^Ju 

.^x^iaJl (3 y~ ^ (3^®*^ ^ *L*Jl ciliij 

^JlS" J>j p-LoJl cAj^aj J^o-i c 4jlll>ta <OJL*I» l) ^P ji JilP j 
S^jJj* o L y2J>t_i A_J ^_P JJ*-b L^4J *\*/aA\ a (^-uLil Lg-d« 

^ yi^jo d- >tJ ^jiiaJl CA ^_) I (J yL*~~* O^-^J Ol ^— •> >fcJ .^A-jg t_J ^jL 

oUxJL <^l 1_*_>-Ij *L«Jl L yu r JU N jj-*_«Ji ligjl 

<daAj ^]J JL>-i j ^ ^-jL 4$ j& y» *L$Jl JaIjj .0 

JjJ>o 0»^-^> jl t oLJl 


JaiL>- JLmj ^JjS/1 . - j_L>»1« 

juji ji ^kJi *ui 


♦J _J1 i Jl 

i ■ J r Jj 



Ja3l»Jl dli- jl»»>-I 
<d«la^ J*j»j <>-l ^*Jl 
»Ul <Jbj.Sll] 

jlJLyJl jJ J 5il>- jl»«»-t 
J* <y tT 1 ^' 

dip k_j jS jJl jt JaSl»m}| 

0-1 jJl UUJI • 


V<^n 

i»«-^li 4jj _ 

®jj>>^ Cj «1»% 

»Ul 4»>-_jl3 ^£jlj 

Jail *— 'jVl Jl 
j»^uJi ^ j jU^L 




- ol yfuVl j! C>>>Jl <L* jli-J b, 11./> i 


. (<jj^x*JO ^jljl J Jb^jJI JojI>eJ 1 J-^Li 

. Shaw (1999) : >UaJl 






4-jwJ^ f-ljo I—* > 0 ^ «(11 Lft _^-p L)b^j>«Jl 

oLwoJl ^-wo->cj ^1_P <jljJL>eJl oJlA «(jjjLl->- JS oL*JL o^Lfij j-^P 

(Spring Box) l _ 5 -^i-;U (jjJu-^> ^-*-11 j-S' y> ^ ULj*-I j»IjLjj 
^\ 4j^i»- ^y> *L«Jl Jl^-Jj (jj^w 5 {j* il )j5Co 

.(12 JSwJl) (JjJllvall Ji-b 




jjii £Jij frUaP 

| _£*OjbJl (jj.r.-^ll 4.ia«:i 



. c5 la-w Jj*^ 9 


:12 JSCill 
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0/ jl ^y> i_j y&- ^Li!l JUp ^ j-o.ll ^jj> 

L= lili .^Ldl Cr SLJ\ A^aI^II ^a.Lll jOl>zi\ 

■A Sajj i^i *Lo jLj 4-kij (_£l aJLLJI sJLa cuLjl 
Lo-a j .^^ojUI A\,/*\\ p-llj Jlp ^iaj>iJl oJlA ^J?LaIjj . 0 ^>cjdi 

O^lxil LjJ ( 0 ^ 0 ^a£ 1| <1)1 Alia^-^Lo 

01 ^fcJl {jAi oLaJI jjj- (_yvia I liJ_J (_J* 

^bs^Loj oiUi jyij lijj .Lji>oj jl ^ jl*j ^^JLc- (jj.K ./oil 

(jJLll t-Jj-*jOfl oLooJl 4 ^j»-^lS £? y> (jj-Li- ^L»- 

4 j.Lil t_^aj jjai- j-iL»tJl IJlA t ^ H ' 

.(jSUJl d*>oJ 

iJlo-a-j Oj->«-!l g-i j j */> j-! y*-\ u • .< JJJLlaj 

jji ^<0.^11 jl ^Ejjlall (_J jl -~o f-lii jlo..<ai (_J d~»«J j 


^jjbuJI j^>jl ^ilia Jli, 1 9 £^*JI 


o jJLp AjLJjJI / jiJ 2 jL^>- <Jju«J jlS 1 ISJ 

* 

4 1 ^.iJ 20 ^Jl i ^ ■» (Jerrycan) Ls.> 

|JLa 0 1 Wi . i111.^..Ia.»>o ^1 */a~ Jl 3 ^jjo o jl3 oJLaj 

I ^-i—J 2880 4 _pLu- 24 (J^Lp-j 4_l_a_p c*_S jJI ^ 

^oj-Jl 140 L° 4 (24x60x2) 

f|JL*Jl <JL>- .1 20 <1)1 ^Lu-1 

oL-gJl !.> j3 140 Jl Asfiz*- <-*-JJ jij^Ul <1)^J| 

.IjLjJj *>U Jl ^Sj4. 


(_jl j-L* Of ^ s-UJL! jJJLoOfl iaJLc- 

-J 1 1 4 JlliiJ ^a/3'1A^^ ,4JLa 
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^jLk.9 i 1$ LoJLLP 4 oL-oJl 
4_*_)l— *-«Jl 4_pl— *-*Jl t_J oL»-oJl ■> ■» >«J *>_,C LoJL-t_P t J l * -qJ I 

OJ (jl *(iiJ3 660 jl ipL« 11) U-L_*» i_o.aLJlj 

• L*Ai-fcAA» 


oL^Jl 


^51 jJl I 1320 — 660 x 2 

.(0b*in jl io*>L«Jl J^»Ip ’L~>J dLJI £y> j£\ <^<>s 

20 o j]ai cJ^U- {j* -/ail oLJl 

t jb>o| 8 -j j^yUail ^liLo 4 jLSjJ| f\ y . J 20 Jjjtfcj I ^U_JLo 

L« ..all ye Lo la.l.-rl dUij SJpli ^P JSMI ^ 

0*ifl IkiSOkj O JLjJ (_y^5 C-LJI (_ylp 

> * 

140 Jl ^h>e-jAAij 10 Jju oJLp^Ij 4JL3Jb I yJ 20 4 xa* 

.^jjbLo ^j>*J Jaii ^ jJl ^ (apL- 2.33) 4JLJb 140 ^ 
I JlS 1320 j-A ^j^-yflJl JJ ^-1 4 -^*~Lj 

66 4j L fl-i-J pLqJI ^j-o JaJLs Lo 4 jU c 4_2LLo ^Lj julp 

^ylp lj,lya>cJ Jl ^SJu^JL^oJl ^yip Jl tyJU iJlAj .L, A>cd 
^Lol JL>*-oJ| ^tJLaJ jLj-Jl S jib J^L?- 4_dli_>tjo olijl ^ 
Lo ,|**AJL^-l 4 jLoa» JLxj 4^3 p-LoJI V d*>tj ojJuo ^Uj 

^iJ 2 JL^>J| JjL** J JjJlP Jl £^3 

.i5Jj]| ^ f\ jlS 20 Jju 


ol^-^LoJl 4 a*wU ^]| JLjI ^ flJl 0^3 1 9 ^^«Jl ^3 4 >caa/?jj Lo^ 

L/° ^^1-P j J */3>Jl 4-Jl^oJ ^3 ja / 2 s > z 1 j £jjJ| oL-fl J^- 

SJjLJI j .^aiJI ^>o *UI JL^>- Jjbw J^>Jl 

jJ^aaai ol^ (^J-^l P'LoJl ^jjA j i/a)\ Jl ^ ^^-Vl 4-g^-oJl 

A ^ 

ij.LLJl iwis jj (j^j (_y* jl ^ aL-oJlS") 

.(JluJl Jp 
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^Lp <y*£L-« <■!*««■<> ll ^.sLlP^I j ja*a*/b] \ (jl L/ l n 1 4 Ja^>-^f 1 
i? * a/3 1 1 4ii C- *LqJ| ALfl ^ijJJ dUS ^oj 4 ^3^-oJl *^i?lj ^■✓aJ i 

^ yL^ jj.i cuJu (1)1 y-k~>*i-k~oJl £jA 4 lLU JJ ,4-JlP JaJL^gJl 

Le 4 pL«J| Jaiu^ cJuJJlP ,i_Jj_jtj 4 j ^J-sAIj jl y<_3 

•(J^^lj ^y-'l J j/^Sl ^0 JJu a1x>cJ 

^kSUl <y ^lijjl £i*j <1)1 £y~Jl yy dip ^ -o.il y» 

<JL5jl 3I y-o IjJL?- dJLSSj 4 aJ ^1 a/2 a Si jl>bJI ^ jjLi-^o (3 j-® 

^e_iJaJ| 4_J J_4_jl £-s^J dUi OLg-vflJ J ,j_P-T £-3 j^b £j---I-Jl 

C.l> >6 j j .Lojl^ ^j-AA^Jl y^kP jp^AAt, Ji (J^l5 ^j.a /3 ) L*J 1 (^^fcA ** /3 l l i-l^O-oJl 

( j-o jjcJlj oLjLo ^J l ^I-qJ 4 «Loi ^olall c^wuLjI AaIsju Uajl 

.<l)y*Jl ^y lf!y*o 

y-o AjLIu y-jJl £3 y* < y *Ld JUpI <yl A-Jaiu U^jI ^a3>*jj IJLa 
Jp^LoJl jl yLo-Juo 100 aS'Lo-u- cuj j£> j-SULS" SiLiJ j^j oLo 

.1 y*JLo 150 aS^Lo^wx 

iwi-5 jJ <^>i[ljo oiLij J*£> A_3-Jp oLljj-£lJl oJ_A J^Lklj j 

4-^a>JI o^LoJl <1 A**) <J y* L^xLoj dj j-liil jl Ajydl ylS^ 
9 ^^5^-k^i-il) y & ^ ■» ll p’i-oJl 1 ^ » a ^yLxj ^yJl a a la a .» ll y ap y-0 1 
y^a aJLJl3 A^S 4-JLkiaJl Aj yJl .(ll 

,ajj ^*J| A*~j L>ti>o ^IJlSVL L$i>*pj p-LJI 

^-s^_ii_j La j-^&j oULk-<Jl j p-LlJI JLo^pI j! J-yj 

A^o^Lp AIj Lj AyL*0 jj* JpL5j ( j-*»L>il ^JlP ^.3 j-A JuJ_>iJ 

jl o jajS o ( *j£> AjL^ ^yb (^^ 

^ j^o JLjJlPtJ y Ajo^LxJ) oJLA JLpLmJj .Ajco^^o o ^J l>^ j Aj> j£ 

.aJlSLJLo ^l <J y/2J>- (JIp- ^y o o^LpJj ^yJLJl 
o y?®-^ jl (j'^hI-^I ij 1 jd **,<g 1 ! ^ <1)1 
^ y«JLa 300 jlJLioJ ^ a * M <3y ^ jl 
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ol ajjL>cJI oL^Jl (J ji>o ciUi j 

4-pJa— Jl oLoJl (J ^JlP qU^S p-UaP ^\ 2jj j <jl 
oLooJl L.< ^aaa J| \s ■>■» ll oLJI fcwJlJ j */3 } l — 

£iy> y ^ 5aU o^" ^Ij ^ 

^JLp o j . ebi * -^» - b .- S i oL«J) ^ o^^-D 

.(13 J^iJl) 4^Jb»- ij^ 0 8 ^>ji (_y^j 

I yji jJ_>tJL»Jl ( _yl-* 1 i»j| jJ iib*- JSLU (_}JJLi«Jl 5 j 

j! iil>Jl o J l* cjJjp li|_j ,Js>Li5-*yi ^ SjLjJLI <jj&>Jl 

£tu ^yiil {j£- CjUl^adlj (j"bJl ,sL*j) ■».... > j^jliaJl ^ 

^y> iJlp- ^-L^Jl ^yiLJ c— >* j_j 3 jj S ^JtfLuo 

( _ y it iiiU^j iij-lj ( jUL!L>tj ^Ja_*j 01 i (Ol 

* 

il ^ 5 jaS 4^*^] ^L»U~ ^£- ^ al«Jl alflj JU- ^ 

j j£j jJ JLsjlip (. ^ill o^fjL>^o ^y> j}\ ^Lp ( 4_H_i L*ji a.l.yail 

. (Sedimentation Chamber) ±S j 5 £^31 JbjJj ^ 
I^JiJlaaA aLaJl (jis^ j) ijii 4.1.,<aSl (_jj| iilj) (j) 

I( jJljjdl cJl^j j —~ jti (i_..iIjV 0 LjJ'y dJUij (^jliVLi jj ^Uk! 

(1)J>J| ^1 alaJl J ypj y XS y\ a J>A=- (-jL* iib»- ^yjj 

LoJUp LjJJLxj jL*j J ij ^ 1 a** jZX*i 

djl^i- L») (_yA (3.6 j3\ a jx>-j .i^J j^a '. I I ^>o aL« 

(l)ljj- _jl t(L»jj-iij *aa& j£- (JLLol (3^-s^ 

^yj) jJj-JLaJl ^ij^T pbwaJ iijLp (1 )IjJj»*j ijj-oj 

j^yS I JLS' jl!l a ^yi aL«Jl (JaP 0_^d <1)1 ‘-7-?*^-? •?" 

( j^aJ <l)l_^>«Jl ^y> jt> jljtLol 1 a~'.A d)Lij»Jl 
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* *■ * * 

LlL^laj L ill* J^wLoJl J>A>“ 

^J-jAJLli! A*Lo-P ^3j .*L«Jl ^la *m ^ j> t^oJl l)^^j (1)1 (w^»xjj 

!*_>&>- ^1p d)lj ^LoJL LlJl« d)l^>tJl ^JL*j (jl (.—*>0 <LoLjlpVI 

4_*o jjDl *Ua_P^f jlj^Jl ^|JLL«I ^JLp *Ja--J IjjI>- *L«Jl J-*->tJ cJL£ 

,jS jh (1)1 AjjJlxil ^l^^Jli 


s*y • jh*> 



. Oj^->- <Jl*zSl Jju 

. Shaw (1999) : jZ+*W 


: 13 JSLill 


k—Jj-. -il oUtJlj jlj->Jl j-*-S jl k— ^>t-J j_£ j->-l 4— ->-Lj 

k_ja.la.-ll jl oj ■■■'■ 1 a i 2jj j jlj (56 jJ^-jJl) k — <L j . l( a T ll 

.JiSll jji oA>-Ij a ^ j» jljjJl 

/*-^*«Jt (_$JJ j-^il {j* jl5 jl I jl j£j jiS’l 0 ‘ — j 1 ^ ' . _ l jl 

‘i£jp~\ ‘“j* lA*-^ t^l • 5 _** J ^ <^*-^1 

SJbJL»Jl a . ..a il : ll ^ ril '- .,/> ll ( j . g la 7 ) p_JL*J tLJULo j 

.5.3 fr_)»Jl ^ |»j 1*5 oJjjl £-~0y jl (Jj oUljiJlj 
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^ (>• L* p-^" c^J 

oU^Jl 14 .i^j-ai J l ( yja ^-j_P j-lJl ^-Lp •-^-5 

« ^ _y^^" ** ■ ~ ^ * I 4^um<o I 


j->Jl P-LoJl J j -^> jJl j_A j_£J>- C-JLj 4_>oli| ^0 OJLjJl 

J_A J ^jL>eJ| 4->-Ll>tJ La ,<JL^U- 0jj_v2J *L«J| j‘ 4j>-| ^P*Ia*i|j 

v«j j^jL ,^-pOj ol ^ y>-\ f-L-J^l ( y+j ^y» t <JLa 4j^j l)*}L?- 

aJL^p ^-SIjJI . L-«Jb jl Lisj LoJ 0 j^i jl 

.1 jbi yS I jj-^-!j CajJj |»-£>>Aj t—ijjJl pLSj L«jj jl jjL>«Jl 

0 1^ ^ 3 i ** - ^3 " ^ jf - PJLI ]| 1 1 - ^ - ** A *l. G ^ ‘ { ■ ■• ~ ^ 

* 

^ yj ^-SLjuwJLlJI - C»-l 1 l| ^ ^ ) AJLJj lfl I 0 ^J2_>tJl *-**■> ^3 -«- » i L<jJlS' 

. (Telescope Casing) 


• ^^1 ^jJjI JS^*u 1 4_1j - ^-0 JS* 0_aj -k>< *u_? 

oJL£ ^]J e-J^>- J* jl kilii ^*-*-Jj oOjL& 4-JLalil oJlA ^yL^jj 

jl |«^bPJLj ^|jL>c2Lu>i| 4 j jLfl-oJL 4 j jlJL ijL&L2*'*bfl ^JlP c^JljClLI 
jl L«JLp t 4 JL«~p ^IjclbI ^Lp jj2>Jl ^aLaa! ^.>L?-I 
o^b (Drilling Bits) ^-Ll>cj IJLa ^j ^SC*-JLi]| 


.4a\Zs>tlA 




1^ Ap JiU olo^? 6 ^^ 4^v»-o— »-** t- - ^ A i *s / \ LJU- ^ jLp*eJLt-«*j j) 

jJlshlS\ j-SiJ (Jljj *y <jJLiJb>tj| ol ^f} c^^qJIjlII 

a i LaJLtP * ]o h 7 I i jl ^POlJl f'LkAlLbtt^f I lJUb ( 4 j2a^jkJ| 

.SJlU? 


(Driven Jl ■>■>. 1 11 J-oj-jVl yL-Jl ^ ^ 

^JLp La ,>1 kjji Jl ^1 j-i^l JLlp j ,-Jb ^pJLiS' Tubewell) 

£»*'>- jAs>tl1\ ^J2j LOjj Jljca 3 ll3^a *- 1 1 i3^IJ i 0 1 
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4 

j 4-o IS | e l^ldii oJlA <JVlp- LoI^j 

Ua J-o-*jj oLS)f (Ji y>-\ Jpi ^3 ^«la 1L JLj-o-oJl jl 

jl C-JLd^o ( j-^ > £-* LuLa-o^ oliUd-«j ^_>*JLaJl *LoJl t j^o ( j-JaJl 

j-dL>cJl $\ j^j» LlljV oliUi-oJl oJLa jJjJlj j La..? .(3 j->^-*— « 

L!lj| OL-UVl oJLa j-ij Jl ^ d I ju j_*J jl dl_IJL?j 


P-LaJl 


^1 *»l £uo 4jjLd-aJL t_d?l oj j a/2 i Sj^jU>«-oJ| 4j jl}\ CJ 


ojj-haj ^jL>bJI c-^dj *bL-i ^JJl Jl jL^LoLj .oJl >- jjJLaJl 
OL£<«VL t a jZ3 4jL$j ^1s»- 4j ^ l]| JlL.aU 01 4J3^>0 

.CajWI jl 4*ISJ 

01 4-j_3j_>iJ| oLoJl ^cJs-u*f ^ jZ+~ji CLm ^-fcpjull 

C*^dJ <J j_>-jJL *La-U ^-La-^JLl ^jjVl ^-3 LdiLo jl LdJLLo Oj-^j 

j-aJl jl i^jL>*_>tJL# j-d>«Jl C^Jij ^yji |jjb ,j-d>«Jl 

^o 4 jLxj c_jl>t>Jl ^xj! J ^1? jL^-l ^jlij . (Screen) 

Li ^ 01 LiJl * ^ 3 I OL? I^Li <_*_££]! 

.^yO-LSlj ^o jJL c^di]| j * 3 *bLa-j3 ^^SLaJl ( j-a^aJl 

OJL^aJ 01 4 -JlP i - »./3.S | OIS' OJ (£ j >- 1 4-p*-lj ^o 
oLaJl oLo? Jyo JidJj ^d>0l i^^dJ ^ ^>t>o J^s^2j La-o 4 j ^ l]| oLu^> 
jl c^j>-L>eJl LlLUL LlL>e_ll oJ_a ^_9^Lj OL£^oVLj ,4_aJJ 
JiJLJl J>J| J .ipUl 4^LJ| ^ >-Vl Li* ot VI i^jJ\ 

,4_^- La-? jJlU oj_JL>tJ o^jJ-o j_«_?l i_J j_dj ^|JLp^JLu-L j_A 
^J-a-^J ^jJLsoq jLiJLo ]g « ■>*> i 0l^-°VL ^d-u_j 

J-sAdJJ c_J V l jl J j>- ^3 o^JLxI>o o^-Jc^ ^3 y^* 

4 f, 

L^iJl ^3 j Ula LoJL>«J LdJLo oJUtjo oLO^ j-& jl y>- 

pla. */3 1 (Seal) ^j-»kA>tgj ^d>* Jl <— *d ) j *. 3 ^jAp t4-LA-kA>*Jl 

^.P ^^Ixl-w^u jl J-o-jJj j-oJl jl c--^L>*Jl ^o Ja_d3 p-LoJl 
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,4j Mj y yi>*}\ i^Jb oJLpIS dJ IS' iJlA 

r ^j jsSli j j^i j 

Cxi S^iil ((j-^Jl (>• jl) <>“ 

ol (^i-i i^-«Jl) (—»^-L>iJlj ^i-ljJl (_JJ 

• J-»^' LJ^ lr L '“-^- 3 ’ 50 l^Lp~ o*J* 

. |JL>- to ji*-^ d/° {Hj* Cj" o^-ia*Jl 

4-j ( j! JI^j (_Jii-Sl C^i jJl ■■ i ' . i 1 ^ « ./i> ^ Ia J ..< ^ j 

«< ^ 

LJL>- ^ oJLa o j-a!Ls>- y& ^LjJ_jj ,CU3^_qJ| ^_^jjl!I 

^JjjJaJlj £-s*LJ| P-liVl JI^J Nj .A^Lj^ai'^Kj oJjI^Lp ojj */3 ij 

, 4j I JL«3 oi^^> ^oJl oJLjJ (JLfl'b/l 


(C^J>-L>cJ| 4-£iaJuQ ^IjLljal ^JlP 0 j-JLp- Jla-u- jJ 

£e-*i ^JLpl ^5^ ^1 j-«Jl A*<»i o j-tiLp^Jl 4Jb j3 Juu > * 

oJlA (j J* ^AaLoJI *Js»*Jij • ( 14 AjjAjj 4jLoL*uQ jlpj 

4_j ^ yl| 4-*-t-*i Lt^fl y2.r*- a a 1 a j o J^Lo ^*^S\ ^ i a a Ij » ^ li 

yy a j_>«-flJl t-JLlaJuj UJ' .^^j'ifl ^^ a - u- l £ <j 

^ Aj^u J\ y>- JL*-J t^JljJlj ^PJcdl 

^y>r^ dUij 4_>t-s^L) j-^-G- o^L*j I 

ys> £cJa-uJl ojJUa^> c^jJj J jio ^Uj (Sanitary Seal) 

(Compacted Clay) ^i£Ul y^i\ J i*jj oLJl S^iJl 

>L ys» >il IJl^J Aaa^IlqJI s^Ul 


ya la At*- jJ*j ^JjL-J| CULq^uhV) j* Ixj lUJJLS^j 

(jixj .i! ^4-»j I ji y jlS’l oJl^J L«J">Lii ^LJlj cJU-u-Vl 

o^jjJal t-JLpSfl ^yi J-uL«Jl ./Oil t j-i>- i^flj Lo 

^ « II 4 j la ‘ j ^ yj tjL QjJl 0*fLo^kftft«J>cJl i 3 1 1 ft ■ * 1 f tjlllP 

-L>«J| oL>*jLj P’LoJl j-oJl o y& I^JLt-xj 
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oL>*i3 olj^i a\j\ UjJ jiaiii . 4 } 

oloL-uo j 

4 *jjo Jlp <J,-L*-«jj ^LJLLqJI ^^aJl <J^ti- ^j - 0 L°J ^jjlalSl ^JiLs-eljj 

4 jlla_j (Surge Plunger) ixib aiIm ^iJbki^L j\ t y ^> Jl <-J£ 

i 4 jjjJ| 4 j>tvSL«Jl y^SLa A^Jjj ^J| t 4 iJL>*-Jl £0J y j ,jJL >* Jl c^jSj 


Aju y> <5^ y>- 


p-Sl'-Jl ft*' 


jjlSI aJLIsj 


j as- jj *» j 


jjUb <J j_>o L$J^L?- ^ju 0 ^\j ( j^° <^3 j->Jl p-LoJU 

£jJu ^^a-kJ? «JLU JLj .^fc>Jl <^Ja j ^ ^>tjo 0 

jj-l*iJl j-o p-LJI ^ ^ jjLSjJIj o U . ^> Jl 

0 I^JI V^L«mwmC>cJ| ^t**/ 3*& <1 ^$CjLkX^\Jl ^Jl I ^ 3 J ^qJlJ| 

, 4j2a£ J ill ! ■ » » . > . »> cj I L^p JLxJLkJ Lo»k3 jjLkJi ^*^0 4_o ^3 

SjjL>«-«Jl (j-Uli^Jl ^3 cULSJLSj 0 fj^*p £jJuio ( ydi) ja 

.^SLJI 

J j_?o ■» 1 j Jlp *. Jl c^JLj ^ p *LijI ^ ^ * 11 IJLa ^ jJLjj 

<j L ^ kQ^k^kj Lq^a.3 ^jLqJI ^Jl ^a <LoUl 4 jLa3Jl)I cjLq^a^>bJ| 
.**-^bJl ^aP jO ?*} I ^-Jij J^-j]|j ^3^>JI *LAi j**** 
.(6.3 *^>Jl ^iaj|) 4jli aP jLS-l IkJlA j^>iJ| oij ^jjJaj 

C_JLj ^JjL" dUki^J £c_*i j-oJ| OJ_JL>xlJ <V>L>ti| J-LA^?LfllJ| i JJL J 

^^-u-jLo^O ^y2_*_J Lo-ki 4 -JLLo JL>- O^LpI A3 yP J-«J| j-fl->J| 

jj£* c^Jlxil ^3 ^c-Jj ^*J| 0 ^|jL>cILukf|j ^i>cil jjjiaj 01 

^LJLd c (JkJbcfl ^*yo ^4>bJ1 i.^ k4J 0^->eJ Lo 0^ Lk-k 

,4j^Jb <^uA° Lq-« jl ( IkA^" 

aJL>- ^3 ^ »JL>tA*Akj ^ AjkplLk^l ^-oJl o^-iik^- (jl 
^jkAJL«Ol ^jjJaj ol £jA jS\ (^i-kAk-^Jl 4 -u^_ajV1 

^■l>t!l (J j^- ^scwki? ^c-J - ^>0 0 j-^tk^- ^bj^f ^JI>cI*aO 
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ya j,JLi iajjJaJLi ^L«JLA*i!l i j IJLa 

c-. ijoL5| jjlp ^ qjjJL^qJI oL^«Jij (aJLLp^jlqJI) V I oL^oJl 
^•ju> (i» Jai~il Lo JlLoJl -y*^ 

A^jj j] t.LJl aJlA iwij j*/a~ A^i lju/l ^ y^~ 4 "^ A^oli^ 

.ybuJl IJuxj A^>r la ■>■»)! oLJl 


A^Sb Lo| aJLjLo A-Jj^£j ^ aIv? p-llj (£ j>-\ A^»-lj 

J jj>- Ajcdj jA AiL>- ( jIa 2 X jZa 2) ^IjuIj <*-3jA jl yj JL a 

^JjJLju jbz*- £^AJ .f-LsJl aJL>- ^9 <Jb-j*ifl <1) j £ J 

Aj| ^a ^_P ^J| ^l_p) C-*u5j AjUaj Aib- <J^Lp- £jA iL> jJL«J| ^LoJl 

AjllaJl {_] y>- jU A^9^<jJl AjliaJl i JL>cJL»-»i| JL*P 

^ A^kj^So^SCil A » l l ^ * i J I i iJlA A-oJ|jJ| 

^IL:^ Lq-S^ . o jl <jj^) jl t <wij j */g? ^3 JlI?- j! oLlS 

^1 A^Ji Aj jA I $ (AxLt^ ^JlP (jjJL»j>cJ I j A»a^ 3 li *L 

A *i^g Si .j jj>waJlj jL>e-^^l A-^l JLa jl A_JL/> A-L-laj L$J|jbJ 

* 

oJLs ajla yuJLo 100 aS^Lq_wmj LJa^Jj ^cJL^qJI cuj yj* oLp 
J bj7 oliL^ ^/>ai 0 1 J0*Aja 8 jiaJL Jj J u>- qL^sAAj 

50 iiL-j> UajSlI k- ...<a2!l Jj J jjjALjtjVl ^ I jLaJLo 15 

- 4 . - ^ ll ajlf'ld ^yp- I ^Lo^JLo 


4 !l <a (J jj jJl>*S\ c-. 2* ijUaj y 01 t LljJL^o 

sL^Jl £l*j iaj^laJl oJLjjj .(44 <liwi« Jl sJLtll . " - -t~ j 

^jIpI J SjLpLdi ^IjLmJI i" . >TlJ jj*J 

,ys^i\ 1 „wSj (Ji-li J_y5j J ijliaJl 


(,_5 j-LJI i_j12uJI ^I^L»iiu<li) ^j-UI yu*5\ U-2J 

olj^Vl ^iJLi^lj i_j yl\ ^ yL>*]\ c—2j 

L_jJU jjJU t_$j£ (_$JLiJj- oljjSlI ^Oaj-a JaLj^jj ,4 jjJLJ| 


84 



j! * 3 LLqJL CjI I oJlA i 4j ^ sll 4 a 1 A/g xJ \ oj_5Jl 

4-Q-flJ J^L JL^Ij £3jJ jJl>eJLi 4*jlij| 4_dJjjaJ|j . jJ 

C^JL>bJLu-| ,^yS>jVl ^3 LaJLj 4-ul J la A All 4-oJjJ jl 4 -LaJLj J-^ojJ 

(JjlS' jl) lL1L~J aLs^uJI J^jVl 4-o-fl] ^|jj>tLu-lj JjJL jJL>v}\ 4J3J jib 

4-JLoJtJl jIJLj (jl jJlIjj oLLo o J_P JLLo o j-o <JjV 

.aJT 4j* 3 I J 1*5 ^>eJ aJL5j Olj-jl ^jip ,>l*lpVlj loJ^J LjJb 

M VI JiJUJl ^3 AjjJlJI olj/tfl £j*A/a 7 jL^oVL oj 

oJlA ^o 4_dll>cjQ oU^^ij ^Jl j A t *^o 0.5 Ip ^ ^iJLj 

jl t5ji jLS' lij L»^ij olj^Vl 

iJL-uo^U iJ jajj olj^Vl ^^xJj ,4*3 ^j>cJ| oLJl (jliaj ^ ^Lumjo C*>«j 

4j ^ iJl 1 ^ a & ^ A^g a 1 1 AJ3j j Ifl j ^ »^ft-A^? V I * a )i^ a j j £.1^ 1 1 4 j ^aJIj 

jl ^1 ./J a j j! L$lj-b ^^JLj jl HI jlg.-^l 

ojU^JI oljaVl L.I .(15 JSLSJI) J-S-IjlJI Jl ^Lj 

* 

OjLoLq~^? ^lp ULp ^ ^*>t*3 4*3 ^>cJl oLJl (JjUaj jIaa^b 0_J<^ 

.Oj^dlgJl 4jjl5l 43 Ls^V1j P-LgJl jl>el5^V 

Lijj^ SbSfl £-3j l— 4_j JwLaJI oljJ>l ^|JL>cJL*^l ^jl! 

C-®LsAj ,>lj LqJlSj . 4^vSv-Lo j 4_l_>tLo Ojl-s^ ^lil 4 j 4_i|jV 

^1 y^\ aJIjV j .>>Jl t^.AAA^ae JU Jb>- p-Jj>- 

L^Jl^o olj^Vl .jLxjj t jla 0.5 y&- JL*j 4-o jiaJ L«Jl 

.1 JL^>- Jj*u 

4lb>- ^3 L*-uw«»V i 4Lwo j 4*xLo 0 Jl3 ol^l^>-Vl oJlAj 
0 4i*ii]i ^l9 J 4jjJLj 4jl3|j ^JL>bIa*J J3 I JJ 4j2*-«jJ| jJL>*}\ 

.(15 J^JLSl) ojj_flj>t-oJl 4j^lil 43 L^VLj jks>*i\ 

Jl ^-*L>eJ 01 JLd 4j^l!l ^ ,jOs>z}\ 4iT SjJlS (Jjuco 

4-^Jli jjjAh ^ JJLIJ ^j2j>cJ I 4 JI a i, JUfll^ 3 j ^ P (J ^3 

• ^ jj\$ ^J5wu 4 ^**a^- 
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. t e) jA>*j a JutJ 

. Morgan ( 1990 ) : j-LaJI 


0 C_^J>-1>tJ| £« i jjl J C^3j-a-il 1 J-*j 

JjJLSj b( ^jJLJ| ^d>Jl twij <LalSI ^3 <U^LJ| oljj ^s-sJl y* jA\ 

‘ J * 1 / y^Jl J ^"' 5 us* M * 0 ^' J ^ 

aj ^iJI illL.o.o.tf y^ ji~3^ aj^Jj y^ 

yi\ y -kii A_*Jj *>La Aib^kJl oJufcj .i^Jllll ya (aJL^JI) a££jLJ| 

a jJjjL jIJJ Am^oI^wO 4 ->t- ./? j U^Jj ^-JaJl Si A>Lui>cJl 

.(16 JSLSJI) 




J -A j ^z — 1 1 ^ t» .fl 1 1 l * ^ -Jl I^A— A ^ ^ -9 ^yoih^- I 

G-J «*l— ^ 1 * O. l l hLl j •» 1 |^ . * /S A A ^ j AaJI ^,* A * l l^ 

l ^ * Ij^ jLi^Jl ^->-1 ^3 l ^ *> i-p ><-ll 

• <Lx>- j^Jl 




UT jji > **JI Jl 

jjLI jjJVl yis-J I Jls jisJi\ JJl Je (y> a~ . i l ^^Ic. 

^) oj^JI J-Ijit JS' £. J»L*dl ^ 

.i^>j\]aA (JaP (jj! lJ&J 

! Lq-a ^yJl iJLgJ oJjcqJI 4wL-V| ^ISCaJI ^ja jlpjj ilUliAj 


(Rotary ^jjJcJLj ^ij»Jl SJ-p j (Percussion Rig) jjJLi yis > Jl SJ.P 
t— J& ^ jjj SjjJj StaL aJL*JL! itjA Ja^dlj i Rig) 

Ijl j&3 4 I *ia j 4aJJ ^ 5 ajlsIjj ^|jt>*2LurfL 

4_P jjL/0 <j| ^ jl^t3 <i J^t-A J . I J* jJL& 

( _y)) -Jj . la il ^Lp ijjLaiJl jJl!| jJiij £-1*3 

^Svl iil^ia^iVl jJii C*Ju tjjJLJl £jA jliJ ^^lll 

«JLa ^a . .- ~ j .StaS/l 5jjJL_«Jl 4 j^l !| j *L«Jl 

■ 4<Ljij 4aj^J j ^ ~>r . /3 1 1 j..^^"i ^JipcJLujj . (Bailer) j ■ . I Lj 

c-Jii!l jjii (o j‘.’‘‘'° ji‘“^ Jj»j f-LJl cjUijj 

J^jVl i*i! J.i ; : ... 7 j^5 .(^l_j-i!l J . iV j^Jj) iioj 

.c-jlll !j_jji«Jl jIjaII ^y> ^jUL 

^yiil Aj^IjJI SjLa-a*JI jJls*a \ I ^ ^LUI yJl L.t 

.C-duJl 1 ^ a/3 I i j 4J^aJ| ^ AiUfc^D L*-dj I 4 . ft 0 1 ^ hA^bAtfMhJ 

^jiJj (3 j-'k t j jJij 4 JVI oJla 0 L£>o L 

4-la-uLS ^ <-J jJ2J J»*P 0 JU«J| oJLa ^JalM*J 4 *j*)Lq ^dJu LaJjj^j 

daaatTj { ^j]\j i jJjJLlU ^JLxJl oJUb J . I JL>- 

.(3j^Lj ^J_P M-dlS' ^JLpI <^Li <l)j*5 i-J J^Jl 

oUr^»; LoJ J^Uju ajjj ^JljJ ^Llaj dUi 4iL^VLj j 
jl 4->t-i yajj j_laJ| c ^_dj>eJl {j-^0 ^IJLp^Lu-L) jl) p-LoJI jjjJLlJ 

LjL^-I) p>I ^*^0 0 jajS ^ jj>*j>- jjjJl] 4 jjJ P'1 jJb oUapL^ ^IJL^LuhIj 

.( J&>- 0J& J ^0 
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JLil J-p-ta A-ij la ^ .11 4_Ji_j^_l ? j 


(DTH: Down the Hole 

i 4 -jJjj Hammer) 

^ j_5j oJLa i ^j ,4-la>iLS]1 j jr*r+/i\\ y&~ ^ oJLa>q 

oLli ^iwnl ^ 4lJLoj p -1 £^i.Xo ^,> 1^-1 jIJLj 43 ^ia>o 

oLiiJl m-^ILJI ^jjJLjj ^JfjJaJl vi^lJj-Lj 4 (Drill Shaft) 

J^LS* ^IjjloI ^yJLp 4 -oJaJJl ^ 4 ? 1 a /2 ll C)L^»^!l i£ y>- ^1 < 1 ) 1 ■» ^ ! 

^ j 

L>- jU- a j^jjk_^j| C>ia...> ia fll'j ,i»^Sl!l ^jtS ^r]a .-,!! 

. 4 ■» tf 11 ll Ju Lfljl ^ ^ ^3 a-l jLu a la . ni 

.jlia^Sfl (J jla A J^as (J*>\j- l^..«iV Ljl^P J Hjilil iJVl iJjtll O j>- 
(jjjJa <JL_iiJl oLJ^fl oJLa ^Ll»ej i_sLu»JI Jj.^9 jjj 

jSj i Jij £3 y> (_^“J (jljb ^L5j (_ys^?aJLj • _J~ 

JiaaJl O ji jJ 

JSLUl) jJLa 125 M tllU j\a2ij tiJVl 3JL»j| ^y> 

( _yl!l 1 LjLs>mJ| ^Jl_j-<J| 3 JlP oiLjj l _ f ]Lf- 3JuJl oJL* cJL-P ji j .(17 
* 

ojJtS ,>JL*Jl oJlA JbJbJl <J j-ll 

la ■>*>>! Lo (^a-JI cj'te'uj (jijb ^p) iftlj jLJ^I 

LjJl U^jI ULaj JJLijjJLfjL j|jj ^lil 4 jJLJL5iJ| iJlaJl ^y> 

4jLL£ JJJL Lq-o t ^JLs^aiJlj ijoli^/l ^ 

( 4 J jJLi^o) J-<^>JLJ 4 JLL 3 ^jl*J| j-5-j ^JlSI 

,£.5 j-«Jl ^ l ^ jj ^Lxj 0 41 ^-Li ^ 5 ^ L^JL»>cj 

i pJLlu L^Juo ^\_Jl3 ( j^]j ^j^JlIMj jJL>*}\ oJLa ^AcUla 

.DTH 


lj 1 p t — aj III liJL * 1 <ii 5 li 0 l ,j£-°-t 

£J> 4-«J^Lo a L^o ^L>cj1 4-JLoJL>-I <J j^- 9 - 1 ^>*J| ojjJLa 
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j\ j l g.'.^rn ^ <jijL«Ji / ,ip) i 

.(^yLaJl c— > jlkJI y&- ^JtP ^1 

iiUJl a-i^Vl jij^l 

t ^ 0 I 3 I) A3Lu«*<ttJl I / 

(_*j-j| j_ft v j^S\ j .ij^Jl Jj-ta (Wellpoint) t^L-iU^I 

c-.la.tj jl 1 Jii>oj ^ i^JLo ^ Ji« 

(i-Jjla.-ilj t-JjjlJl) LjJ^Lp- ^ oLdl j_j^ 

I»j iijiJL f'Lljj-Vl ^ L$jCL<J <JjI_^ii t — 1 j2$\ oJl* 

* 

(Wedge-Wire Screen) ^yJjui ^iJL^c^-U ^L») UalJLJl 

0 j-Sli 'i/j . jl51 *£»«j 

A «‘ « 1 1 i^ll"^' A iji la « ]i j| 2 jjijl ^jji <J>- jjJi dULll <s>\\ 4-JL>s-oJ| 

j£> fl *** i I * 9 t ^ i I J_/_’ l a/Q * - | l^ ^ — ~ 

l.l..^ai* t_d.a>^j| 1 — jLj! <J|J-l- ‘—>>4 IJL! ,i_. ./Q *. i I 4-J-o-C' 

jUSii 0 JLa 


i ^ J-J 1 4_o3 (J 0,>Lp 4J ^lil ^3 <wiui>elil C-a-ljIjI 

1 (Drive Head) J}-l3l J=rj^' ^ 

i^^-uLJl (J^-*-* ^ ^LiLj -(18 J-!x-JLJ|) jja ^ LuLj <jj-w*Jl (l)jj 

^jj_ t J J_*_J Vl LqJLSj . 0 0 jj */3 1 ^jJljuo i^«AA/3 9 

LJLxJl AjL^jJI f^JuJo- i-J J^jl ^y 0 4-Lo^> 0 4jja3 oL^J 

.(jL--j| Qt *A> lJ1 i^tJ j 
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(jJLSl *LJJ JJD l-j j-jts' oJla c^wuLjVI aJL*JL*> ^J-q-*jj 

o^Lk^j J^jj JLS'lxU j .mJLqjlSI (jjJiJ jJlJI 

AJ> j]p JJ> JL*_) ApL—Jl V_J jJlp ol_>r_J i^J J_«j^[t jJjJJi 1^->c_J i, ^ A <V | 

.A3 ^]a/» 

(I ^uJLq 50 - 30) jJaiill 5 \ jaju^ o^Lp c^jIjI 0 jIsj 

^OijLS .L$L^b Ajj^LjkP^fl ^jjJl *^3 ) I oLI ^ lo ■>■*>! *- - • 1 *^3 

i oUl^j LoUj a^j^Lo oL^ji a_aj j_«jVi ji-j^y i <313 

oJLA ^ylxjj .^rJfl.^.i| ^^JLp <jl AjI J-la-u-l 

CU_>t_j jJL^o 7.5 yt-S'L ^-ij-J j-u- p-LoJl jl A_fl_j^JaJl 

^oL/al>j'yi 3jJb>- J j->- oLii?-^L«Jl jJaJl) ^^j^l £*}*•* lS 

.(2,5.4 **J| ^ 

^jl c-^5j *L£JJ IjLp 4 ^°j 

<^1 SJjJ c_— , ji_*_) 1 ^3a_li ^JLp-ji ^ I iJ_>cJLuif L j 

<Jl^li-l ^JlP AJLijJaJl oJjb ,^j2_>eJl SJlpU C^j>tJ 

* 

t LqJlP .AjjJJa^Jl ^jJUl 0 j3 <J|^I^A ^JllJljj t A3 C^>-ljJl (JjJaJl 
4^-dJ ^|jl_>sJL^I jj-So JflJSi Av>L>«J| O^UJl (jJl-*-i AjI 

t_jl_>e_>tJ JUj^J ^9 AjJ^^Lo jisl J_J| J ^dJ>rJi 

AjUajj ^0 

t jJL>- j*3 ^3 oLi^J <wJ j_Jl O-iAJ L«ALl5*-J 

^3 <wi-ui>el]| c_j j^j| ^Ja.3 ^jA jS I jlai oli aJL^p j*j ii ^ 4- 

^ j^t^a C^>cj AjI | c^JL LjJH? c I jia3 ^xS^fl c^dj 

u*-?^ j* 1 J>:il 

1 yj ! piiap j 
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Jj Jjj j- UlaiJI SjjjJVI jtfll 

*L« ^IJj^LuhLj (_}J j ji ^yt 4 . .. U « . ll jLjVI J-o-*j 

^ j j*j\ ^ *L«J! «4j jd\ ^ aju^p o yp~ j » • a j 

*4j^*il ^jJ jilll jX3 t ^ 3 ^3. A i l ^ . J l *LJ| ^^j3j V — v*^ 

( _ y JLc'S!l fLJl J-^-is-; « jj- j C—> t . . /g ! < _ y ^Jl iwjjjdl f’ljj-l i » JL5J7 j 

Sjj C -A-* ^£-»-i_J ■'— ’ j-y Sll (J J- 5 "" Uj-^Aj '—“'A (J^Lj- 

ijl^J j_y3 4-«JLlj| ^ jJjj o j-jj-ij jl aJIjJJj i_j £-*j <J"}L>- 

. s-L*JLj LjIoj- ijjAil C... ~a~ i 


^j-A 0 j~£ ^ ylj L»-X * * 1? ^ ., . lo » T 1 1 ^ - 1 -o- C- a ) 

Jajtlj ^SLS ^r la **>]j ^JlP jAs>t-i 0 1 L^JlSv^j j JilJl <jl j-S_j oL^oJl 

4-JLqjJIj .^aj I *L«Jl *4jl <JLiiii j SjlL^JI 

i 4_dil>tj0 A^JL^o^j 43lvS>^li 4-Jl As>^p-> o o^Lp ^il>eJ 

Ljj-UiJ cuixjl Jjj (16 ^SC*iJI) ^jJLSL SjIjLoJI aj^jlJI <jl 

£0 ^liSaSl ^ a la Si JjLa oliL^J IjLp-l j ,jLq-sA*J| IJla ^b 

£r° S?) P’LoJl 

oJla L^JLSv^jl-J ^yiil cLwoJl oU^ J^LaJj ; <j yJl ^a ^JJLj 1 oU^> 
.1 JLo 80 L$Ju~P J-sA> jU (Jl dJUij t <ij ^kJl 


^^uJailJl <!l <]| jj jJLla-oJl J*jJ| J-s^aj LoJllP 

4^0 s^Lii*^'yij c^jU ^JiAju ^ y>-\j>- c_J&Sl ^ £^ 0 jij 

.^uJa y&- 


s S jj-va j ^^oJIjlSI <wi-JLkiSlj ^UJI ^j^aLxj 

»Lo t-Ai! 0A ^ pj Lo jy 

jJcS\ Jjl*jo (J- 1-4 j Lm jj-LsAI 1 i_j j .» ~ ..^ ^...L «~!l 

. (Excavation) 
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Li- £j**\*/a JL*_*j tUUjJ 


<j-“ 


cr? 


iaJdJl pLo 


£Jj*~ (_y^ 


r 


|fALu^ 4 j^i]| ^L»Jl .* * la XJ ^JLi LoJULPj .aJU^xJI d*}L?- 

, (aJLa^I) j^*-L>«J| oJlp15 c^>*j mjlsI _^JI 4j y^~ ji ^ ^ ^ *Lo 

.^..LxJl ^y»r */i]\ j_y]J _^»-L*Jl J-saj LoJUpj 

.J?-lj»Jl !JU>li ^Lwajl (jlAli £jA eL«Jl j£*Zaai I 

JbLi- iwiAiiil I I jm\ ^yJJ Ji-ljJl ^yj jsd I >UJ| J *. J kiiiJLij 

LaJfcJj-l t <1 aP ^y5 ^IJL>cLu>iL LjLj-I .. ■ Lq »~i I ^.Lj 

^ (j^"L>j|j) j^yttSljJl IwijLilil t— ’^jl 

<uLuJ J ajii 

* 

^ulaj JL>- ^.3 |JL>- a a a 3Jl1| <-J j-lil JLj_fl-«Jl j^->o 

<J^°j iiL^L <J j_>- < j-o^£-«Jl ^3 

J} j*pti ( ( j^a> t j) 

^^jaxlil 4-JL^P ^ p-L^IjVI J-3 0 JlA 4ilvS»J c-^>tjj 

oU~~^Jl oJu$J JJlSj <jl JjLx^o jl 

c^5j £li ^jdaxl dl 


S-^JVl _^JI (^* ^***^ 

^j-JaJJl (^-*SLp jl) c-Jl 5J 4 L ■>■>.») sL^>Ji djJ 

JaA3 4-o-pLJl v—J ^ lil ^3 oJL^o ^Aj A^^la ^ (^iJl 

Lois' 4 j ^ iSl iflj jiaJl ^w 2 J J ,4-Ju^xil 4 J 4-Juo J±\ 4 J j£\ JJLo 

IlijJl ^3 4-Jl£>o ifij^lajl oJ_A ,4-S j->dl oLJl (J-o>P *\j 

4-uLia jl 4 -Juoj 4-j^lJi J jSo oDL^iil 45-Jrfllil J jl 

15 d -0 ^ 4-^-3^->d| oLl-oJ| ^jpL My« O^So Loi-LlP^ ^ 4 -O^pIj 
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JLJLj j &> *j oLo->til 4_5j 4-u j_Jl jZ . j p-LiuV 

I M-jj o ol j j-Sj ^JLSI ^j-qJI ^3 c L*j 

Jj^l k— ajL>- LpLajjI Jil S^Lpj .p-L«JLj 

o ^A>J| J^JJU j ,oLq->*J| ojj jAAjt <J^\j>- (jiiJLlj fjji\ P-LoJl £^oJ>d] 
o jA ^jjJuJLj P-Lxk_l I IiAaJ 0 1 4_L*ji!LI| 4*1 */3 1 i ,j | Jj -Q. ll JuS jJ ^ y ip OiJLA 

3 <J jl 3J I ^U-JLo 50 jla a i JLjJj>cJ| l jja i_J J_J I ^>C_AJ t JjJULP ,4-JLj 
o.jL>- JJLo <uJiJ iJUJS ^ ^3 t ^iSl jl t jl_I>o| 

<J~? t/ ‘ t2j .^ s> <y° ^ V^h^ 1 v_»^l 

c~i jj <_. Jill ( /yO k_> j-ilL j\ U ( /yO aJLo^I JljJL*J 

iJLJL. k_j j^JVLi Ljj ^ls Jj-I ^ Jaj^j 4ail 1^3 

~Siil jjj-b (_y^l t— ’j-jS/l £jj (2^-°-d t(l9 jJ^lJl) 

oJu ^1 p ( ^Jj^-j ^t-3 4 joI ^ 1 <llP kiL ^>sIj 

kilL~*-J kk.-’j^j^l UKb .^»Lwi5' (a U ■■■-*- J \*\ la J 4_a_ia3 jl) 

i _ y -5CJ ojjjj Lr Lp‘ifl k_j tj # jJ» (JpUa-oJl iaJaJL j!) oJ-jj ^Jl 

LoJLipj i_j j-jJS/I Jj-li *\- a ; — 1 L» jlpL-j 

ii jZl\ ya jS I 4~*5Lj ^Lo_w«JJ 4IP oJj Jj>- ^}| ^ 

iy>-yt jJk L« ^3^9 k ij-j'SU JjL^'ill ij^laJl ^ J_jj-Jl!lj tLJlj 

.LlaJl ijLjlil £y> U-jU- (JiJlJ < » ^Lai >Lg ^ 

t ^Ipl ^LoJl ^3jJL j Lip li ■ jjl+0 4-JL q . a Ji oJLa ^1 

. Ajua <j jlll ^LgLp- 


^-3 ^ ^ k -L-3 Cf p i 4_dj ^_ip 1 — 1 ^ 0 ^jL>cJl k" w A <ft P U-l 

4*i ^ylj ,j* <Lv»j iiL^J (j^u i?-L»Jl liJ_j kjj^pjVl 

j]aaij jLi«l 6 CUSj^g 1 > j-jjl ' y y&t-ij .i_j j-^Vl 

C.... i' J k£L!ij J^ai I ^U_JLg 20 y& JLjJj 

.(^j-o-all IAa *^y&J lAlP k - i 3 * 1 1 4*3 
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c-aJL?ll!| ^j-fi <ji ki]| oJLa 0j2 <j-°J 
j_Jl As»- o^La .c-J&Jl jAz*- ol 4 -«*pJLo 

,jJis>tl}\ ( jA& jl *L«JLj LlJuo p-L5_) 1 jJl^j <jIjl*j sI^>cJl 

<Jj^- (Screen) jsA^- *. * 1^ i — ^L^e_s| iij j_lp 

dojis' lili .ot^>cJl a-JLj-p <J^L>- P-UL IjlJLo p-L5j|_ c^>&j 

t-JtSl f-Lfljl ‘ » - * - t _^»J| fUl j (AjSLdjJi SJbJLi <j jZil 

.ItJLo 

a ii ji (jJl jl ^-s^-!l) J-L« ^. 1 2~i j 

i_sL,aj ^ j ,yL>*}\ iL*ip| i j£a j y>*l I >L«J| (jllaj 

* 

►jsj- , jij^ •— 'JJ £r* J 1 ^ 3 Lj-LJjjj 

»LJ| i_j j .-* Jjju JJLi: j <j ^. lil . LxJ :5 j_pL_JJ (pL^JI 

^JLp SjjJaj- ^J| i . . .~^ jl ojj ^ r , ^JLj (j— J j . i— . 2*1 1 ^jA 

l^JUlSl JuP La j-jjLa? ^Joj |JL^>- ( J-k-Jj) ^jjis>- J JL Jl C^ol^Lo A>tv2-!l 

.(5.3 *^>JI) 


^j2j iJLp Vl I kAj>cJL^>f I *, • ^ La*r^ a^jJLoqJI Aa^-L*J| ^a 

iiwp- JL^mlS Lo li^j ij , jJuJl 

* 

oLstiiiJlj oL«L*_<JI ^ « 1 ... ^j.Ull jli t^. £*...< d. ..t* 

.tjJ L:5 1 (_$J-! ^sJl jjj-b jl i_jL^J| Jjjuo 

^IjlSI Jj Jju Sju»j|j 4 aj*>L&J| jls ijJUi ^-aj 

* 

{j* O^LJLd-j-u- t Lj^j>- Jjli j}l>- ^jA? AiL^VLj 

o^LpI Ijla . LujJl oJa 

.jo ?*} I ^>o Jju Lajl>. ^LS^-|j <wiJLxi]| < j j^jI 
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(Jd u>5 sUjxJU jk pJl 

pd t5* iL^aJl >1* Oj_^i» lllj^kll 

jji-ld Id y-J° -b.A>dl j! _^U| ■,..*« ,V* O^jit 

^JLitlwJy .Jj»-Ij »L>cJVj ^Uwfl <;j J ^Ul OJ jJl ^ Iw. it 
*il»- il *U-ll j-Uo j U- , fl . »i i 1.1* ^ xJl 

*JlPJ .Iw^ij^lJl ^lUU- ^jLxJl U_j jji ^yi-of UjJ- JJ jjL»j| lw. i l 

»d J* 1 j.—. ll id jlj J*>«J| lw. i l **J ^ j .« .d L>l j>- (_yij 4*UJI 

ijjd J*»j' •*!** »*kpj 

ijbwiL ^jA j4»J t iwJ ^jii 'if 


abw-i jli»i 


it»jxJLi jiflJl ^tjlla 
*-i]S old dl_^« ^jA i Li»^» oIAaJI »li> 0 
. ^1-LiO.^Jl *Juil 

it*j»Jli ji^*}\ \f jUfl 

*U ^b*»i 0 

jJ> ^ } oli.b) <U.'0 0 
-bjJl t il-fll l I ii.bil jt d_j*LfJl lJjAJ 0 

.ji^JI ^A 



. Shaw (1999) : >UoJl 


: 19 Jfc&ll 


LjJu Sj^a^fcftJl j\jS| - 4.3.3 

(1)1 £j*/3L*J IJJ (. ^j-jLaLRwL! 1 ^Jfl>- I j-a\ JlJL jl J jJLP- 

SwLa_*wO <lJw<4w^J| (1)]. si 

It iXA-P t |j_fe ^3 

jLgJl ^jJLaLiJl jj^SJL* 

C^ljLxJlj jl f-Lw*i*yi J OjJLiaJ j\ t jJL>zS\ <L»_L^P 

3\ jls^*)l\ oLS" jJ>b_4J £jJ L^o ^Vj^a jl ^Jw® SJlpL^l^JI S jAs >«Jl 

JjjjJl jl olS^ <cJl V c .^Jl>-l^lll 
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j 1 jJl 4 _^_?wLp oljLiJt jV ciJLISj (. jJJLj j\ j . lJI ^_s 

.<J> {jA CjIS" o Jjfc SwlplyalJl 


4jL*0 4*jL jL>Cs>-l iajU- 
y yUl jt 

(*Jp Jy^ll 

JJ y yjSfl Jy ily. J-p- 

J-sJl 3*1*1 i(yJl ,J| 

( yJI y l*py_j j»op l)U-^J ikyy 

y SaU) ajUj ^ jjU <1»% 

(jji »y Jy»j SajyJl 3iL- yJl 

Sys^ yy 5U5 
>!« Jjuj «L2j Aa>- jt i_j ^J td 

J^ 1 jMI O* 


f^V^ K 


^ jt jr^\ yb Jy 
l»Jip (jlij 

rJ' 



a jLL j*p iiUaj 

rv 

oUI>ll J 
iiUaJl *-ljj j 

t3y y*U 
*U 

y»Jl jlyj 


(yJl) 

v 


Cm a j Lilli yj| ijliaj 
cUtf 61 olplyJlj **Ul 

ilyj ijUaJl frljj ajyj-y 
5j,. W . ^i l a jUm»Jl (J-») « jLij 
(<I_>fL»mJl (JU Jij 


V_>=- i_£, jl 



£&aS jl (^*^1 ,>• 

<ji Sali; iU-ji- 

S* 


• Aj>~ jlt^l j !LH 

. WEDC : jJl*zJ\ 


:20 JSCilt 


99 




4-<kJ^Lo 4 j yil 0 i_jLfli>o ^|jL>dLwif| 0| 

9 La yJj .5 1 ^-<kil 4 j I ^ I ^_i 1 Jb Jl>c-i ^ y3 >J-P LmO ^L_U & ll 


j oLj-qJ| ^J| I^^LoJl yL> til 

^jA *LoJl A*Sf- j-Q * J ^JLSI (J-bcoJl JjJj>cJ OlJbcoJl 

. jL«J| ^j-O^LgJl 4_*J? Jj 1^7 jLp (J j-s<2_>tU clUSj _J>eJ| C^Sj 

iwi - LSj */3 A *^_bb>c_J t C- *-*-* Lbo £3 ^-oJ| jl bli 

.^S^Jl |jjb J yJl 4^151 


,<JLoL^]| 4?- yjL*Jl jJlJL! SjLl>cJ| ol^-^Jl y7 20 ^y 

<wfljj-*^iil oLij « jjUi ils^L jl 4**^j ^4£>-ljJi JajL>- ^JL>dLw»l 4yS 

JJUjiJ dUij tOLiiJl j-p JL>J| j}\ y jLlo! 3) 
jLk Jl ^J| 4_1 Ji-JJ L)l oLJl J 4^>c_ia~k«Jl oLJl SjjJa^- 

.yJl 4A j 3 JLp p-liap IJJ .L^j Jjj 


UjJb a j y>i ^JI yJJ jJI 1 10 

! y* yJl y ^ L^l 4 j^Ij cLDLla 

oULUVl oJlA ,£tJa-uJl JLp 4-uLtuN I JLg^P^fl • 

* * 

^Jp (Jjj */3 >rJJ bjy> y^Jl <t>jhi\ 4ajL£Lo| ^ j/2 a \ l A 1 

,oL*Jl 

4x^r Ifl ■>■*> li fli - a ^ ^uOJ 4j yiil .sLa-o**^ 4>t-*y^L ^-*P 4 « lfl * < oLvS ® 

.yJl Jl V LJVI y JJJJI 

* 

ij ^-«J ^A^a.A jJaj tel ‘.a 11 L) j£± Jli < 1^—0 0 

O-y^J <Jj-* J-4-* <^1-5 ilr“ 

^jj> 1 4 k *. a j jJlJI SJj^Ls ^ j-L? ,i— . j j| ^oL«jo '_l5sJ 
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j-oJl , 1 la \\ 4-A-JLlJ <J 'y>- j-^3 jj j 

oLUJ 4-JL^il ^ o ^So ol t—JLlaijj jJlJI ° _y 
, 4xd^j>t)l oLUl ^Ia^oJ ^\ kl>*Jl 

^i]| < j slidJL! 4jiii>e-a oLJ s 21 J5UI j^Jaj 

oJLuwJl I ^ u ydJ IjoLqIp I 

OJ^“d>t-oJl ^ 10 ^A ^JJ 

JSI ^laJlj olid] I ^]| 4^>-L>*j| <jl® ^21 JSwJl ^9 4 jLwJ L*Sj .LjJb 

£^JLii3 UJJl! . L$ ">p jJj ^jj-iil SJlJj ^ ^Li; L^sLiJj SjLqJl*-qJI 
Ljj^ Ajliaxil oJLa ^lu JL3 j .((^jjliajl) y^)l\ jl £y* olid] I 

. AJLq^ $bjl US' j02*}\ oJLpld ^jjo 

^li! c)L°^ SjlHaawo j*£> y ^i»Ldj*y I <U-U o| 

'y ^lijjL lULdjl LjLU i3 jZ j aJLojco o ^ll>ej olldjl ^yo yy>- 
4 jL^j^U jp ydl o ^So Ul^-j ,^U*»| Oj£ y*j° y& Ju^j 

yZj 4_dj j\z\\ oJLa J .P-ilii ^JL»*yi AlLdlil ^ O^U 4 JLj1? 

JjU aj^lSI ^ (Lining) ^jliaj yii! Ij jiUl JL*pI isl^ 

.oj^SioJl jl <]|y«Jl aj^iJI 

LuU y>- oldU 4_dJ jiaJl oJL^J 4 -«j^L«J| 4jL1U| j 

oLaJU yo ij j^Uil (22 4jJL>tUl j-pI^-lJ* 4jLjJ?j .Sj.aU 

* i ^9 L^IjUjlw-L j_j ji jjLxJl f>lij| ^L2 j 4i3y« ,>ljLu>f^ 

.JjjJl 












joj c i Jj-£j i jJi-Jl <JdS ^|-JlaiJj 

jj j\ (23 JSLlJl) ^ p-L^Jl JjliaJ t5 (^JJl 
Ills' .(24 JClII) j!a>JI £j> J 

^ ^jJ>\Jl>z->\ <LlL>- ^3 <L! jJlJI j-LaJl 

4_>r +/2 ■*. ll (jl LJ' *L«Jl 

.p-L^Jl l) ( 1.2.4 ^iail A&x^Jui j!) ajjJlJI 







jJaJL l$2l P a 


Jl 100 >5 

k/x\, ^ 150 



^jA 6 — 10 

j^) j^ji 

li* ^ja iuJl ^ 50 


*L%U iLUJl ^s.UH cJlS’ jl 

ApIS Ji ip aJLjj 

jjjd aJpIj Oji jiJt 


' f*J ri 
. DHV (1985) ! ^UoJl 


<r , ^ u ‘ oo^ r^ 


: 24 Jfcill 
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jii yL>- {y> VjU a ji A ja- jSi a i l jiJl ^y> 

jjj .JJLSS 4 . -A i. o !l (JJl jJaJl 25 . oJ_j J_p- 

Jl51_j {j/> L»*^ ( J-^sI 4»«*AoJl 

cJ jj . 9 jlSLJl <iiil >., JLlaij <ij| t jiJl 0^° jr| j3*z-**\ 

jL5LJl lijj .1 4 * ( _ylA »j“L2-!l |»-£jJi! o olj <jr <> il 

ijLfJ jJjJlj (_5 jJ-J| £-13 j-«Jl ^.A/ai JLjJLLP 4-atvLoJl 

jJjiJIj jJ^cJl ^^JLj iS O 'ljLs*Jl ( yA (tjjiLlJl) 

Jas-V ■ t j^l^ ~ . — » i l fUil ^jA p-LaJi liJ^h j jjp 

£-A ^li jA 0 J-^-l jl ItjjjLi jl (4_JjJu <1 > j eLi-jJ <JL>- 4j| 

l>° S y J* ^ L^L? La^J- jls 

<1)1 A^-jJLA-oJl jL^ 1 ^3 IjJLJLSj 4-l$ ^-llj ^JLJI C1a3jJL> .P-LoJl ^\ j£zlsuii\ 
* * 

*y Lj- \ jaJla*Z*a\ Lb ISJ 4 0 jjB (j^LJl ^y> LJa ^3 .. * 

j L$Jli t ^IjlLjLubMI *Vjl!I li^j .4 1 ,^i;< 
Oijjjo jl . .<3 i) (J-S'O jl. .<3 j I OJjj Lo ISJ Lo-j-^iV tS-LJI £«_>cj 
JSLUI) (^iku Slfi^j \ J3 JjaJl Ifcl* L-i*. J^lJLa, 
jl tjl jlJl 4A ji ilJULnl ( _ y JLp jL.^j all oJLa (34 

l 'jj> JjL^ijJI cJLa jj/ liUij toJj-lj |Oj ijjj 

4 p 

tdUJi^ •(Sjj y** jd* I ^Ii>cjI 
jJjl!I twAJu jl ill * ^ 7 <JL«JL?-I ( yjo jJI oJLa JJLSj 

.^aJI j|jL>eJ aS'ISC^I jl ^JLuill 


Jbu ^l]| 4-gjJldjl jL^f I ^0 i J ^5JL oJbJb>- jL)l d-o-jfll Lo 

> ^ 

^1p ^IJL^cIa^Lj 4 LJilo J ,4jLl*J L^o^j llS^O 

^Jj^A iliijA ySlI IIa j .^k-Jl ^ jb»I 3 JaA 
1_» J— J AAjjlaJl eJ-j-i 4_*jJLflj| jL'iM j*J ,5ijj-j_»Jl jLMl 

.flJbJL>ji ^iJl f-La ^y]| tL 'jllil ^y5 y>Jl »Ul 
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CU3 jJlj .<> jLJalj jLVl £-ll»eJ 

a/2 j Lo J lLp ^oLl>bJI J.^3? <J^l^- j-A 4 -JLq^*JI owL^j ^LJLlJ ^JjLo^i 
4 ^-aa-Jj Aj^ 3 4_>m^a>5 ( dli J l! ^-\h>z-}^ , 4 J lla^l ^9 ^9 ^j>cJl f- LqJ I 

j+~ju Lo I3>J tP’LiJVI <JLo^ La^>«^-I ^ill ^iliij 

^cJa-u- ^jji jJLaJI < j^a_>ti ^j-^-qjj .o f-VjlIIj jJLaJ I ^1 

.oT^O £cJa-- ^ylp ^ ^lkJL>eI-»»lj ^ jVl 

(Jljjj) 5-Jj-j i— ■j*lJ ji-i Jj-b (j-IJ j_5 I JjJu (ji J-J 

La j j^p (Ja?- lili . oj[a/> oijLi- Sjz^j ^-isi l ya J^lll! oeL/a. j <j«_<i_*i 

LjJLa ij^l]| .Jj 4 L^JJ <Jj*d ell ^iJl liJajl jl 

^LilA el j-J-SLj ^iJl _^*3 (_J JLaj ijj^jl ^Uij ^1 

jjk JjjJli oJLa ijs^j jJL»j li^j .^Ljjjl !&'**/> j\ (_$jJb 

(>“ * *-*}*" ^ ,r*“^ Cr° *-5_rtU ji Ji^ 9 c^ 51- 

Sjltj LaJlju l jt.Jl ,_Jji_P (J">Li- jl jL>iJLI JUap! 

^^I-J-g-P (J^J- yLJl OjUaJI OljLiJl jij IJLa 

L>] eii!U .j-J-Jl jjj-li (JL«_*Jl Lo-j tolaNlj eLuVl 

^yjj n </i i ^^JLj 4^Xs^ -iaj y (J-«Lp JaLlstj 

4ljLl 0_^J (_jjLp ^A^til ^*J (jl _J <jl*JL5* 4jL>- j^yip j/l 

La^ ^rJl lyj>y> <s£ lH- 1 " c^^Ih 

e'^Lj-Jj (^~j>tA-J <_aaIj iJLs^j (j^LJl ^^-0 (Jj^i ' ^-dJ 

.(5.3 _^iajl) Ia la" c^>nj jj\ L Jjo 
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:25 JCsJt 


. ijjb /> - ■ bb Jjj ji) IaJU? ^lai* 

. WEDC : >UaJ I 



4,-gwta II aLil _ 4.3 

Z»SL> . 1.4.3 


ol . a 1 I 4-1-0 I 4-^P j] . 1 1 i — * . ij ( 2 -Oi il l , o jS> 2 

t j£\ j£^l ^JLpj oLaJI eJL* {j£- jLoJLjVI 4^>rla...il 

oJuplflil oJlA ^jt-P jJto Ji ^JUl j ,^f jl l$£**Jbco ^Ju |J Lo U ^JtJl 
jU^Sii ^j>o ^^lilj <J^»«-il £H^-d £/* »ij-^-«-il oLaJI 

jJU»j V <>L*Jl «Jla t^yl j^>- jl t£ j~*i -i’LAj vi~s~ 

* 

<J^L»- *LJ| ^oj LoJlP LjclaI? 4^>cia^uJl oLjl j/q« i I JlA 

^jI ^fjl jolflJl j_*_3 jl L oL_1j>- 

4-^_>r la **> ]| ol « .» ll oJUb ^|JL« ^ ^ >c-lJ yJi oLo j la :* (Jl .» * * 

jJU j jIjVI C LsAjI J ,4->t-J^ j-oJl 

■>lj-«Jl .A-j-o-u-j^o jLfjVl <J^£j <±^>- 3.3 *>>*Jl cuJti y LS li\ 

aj'-j JLoj c^JLpVI ^3 ^a oLa-qJI oJLa L$JLo^>e_j ^iJl 4 * 1 !l 
,Aj>s-JSi jja 4^->r la ■>■» oL^o 4-4 j ^_1? ^A A-Juq ^J| ^jJL-*Jlj 

jjJl 4-oJaj| ^-o j^A (jjl jl t<JLo jJl ( j-a JLm *Lj l* 1 laljj 

* >r & )l ^ Xi. I l (Jl j a A 4_aJ_P^ .ft * Il ^j-0 I J-Jj-O 

.p-LiJVl j *LJl J-^?liij dlJJLSj 

.4^>rla*A>li oLJl j£-|jLo ^Jb| (J ^j>- 4^-qJ| iaLdlJl 11 


4 *>JxmJI aLvJI ^|>-|jLa (J AaSaa \ 11 

Lo kJ) Ifl li ol A ^ li ^ ^>r^jJ ^J_P ^ L xILa^f i 

«* 

^0 Lj ^ l!| 4-ji ^>iJl oLa»J| j oL>*JLl>0 ^3 

oL^Jl ^ * j ^ 4_a_P^_J 4. J i,^ 4 . *w 1-^ ... I i oL^Jl 

o J lA >a^- 1 A^>cilx^Jl ^3 ^ JlP aJL- ^3 4-JlP^ ,Aa>cJaaaJ| 
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* 

^ ll „LJ| i ^ • 1 | C^S j| 4^9 ^>tj| oLJI 

^9 ^y> ^U*J| i^L.-il oL«Jl ^ ,.Q ,/9~ j^il 01 • 

jk> ikL 


OJLij Ls-lajiMj 1. 1— «JLa 0|j t^. r .^a 
; jjL L» <j! tjLjjl 

4f> ii*.Li«Jl oULilllj 4 L 0 JI oljj~...a ^9 ® 

eLJl ^jlil 4.1./a!l il ^ JsUjI • 

t~jl )1 A ^ a ll J*jU- JL9 4_yiLla a ^ ^ jl jj 1 { ■ - A j j 

.<_> I— d^iiJ 

.<— ' £9 jjo ^^yf. |JL*J j! J > *J JUi»-l • 

I <_JjL~oJl v • 

,i^-L£Jj| 4^jJajl 9 
,4^ilp jl 41jlj ,Aju^2 ^j>- (J$ jb , ij 0 

, J^yJ Lj JLukf , 4a*^ ^S~^~ L> * ~^*. * y Li^jO 0 

4 . *>. la . n oLuO L4 jLmaJ . OLft^ 4,4,3 4 y9bil 

jl ,/a: VL 6 ^./aail ,4 j»«JL*_<iJ| ^f.Sf 4 LJI £*4>«j 

4^->- U ... ll „LUJ 4 JL.KJI jl 4 j»<JL»_«JJ 4j-LuJ| ol jLiJl 

Jj-Jj ijjLlLo a JJ J~L* L f*J (Jd" j-5Lj _yJl oljL»«Jl aJlA n, 

.aLol aj^S^JuaJl ya]\ 4.n. la 1 V LoLaj iLLa^o 

4 ; ->ih...ll »L*J| 0-i ji - 2.4.3 

jl!| 

iyajljJI jiLs^aJl ^y) <_J ^yilL ( _y9 aLaJl jUaj 0_J^J <1)1 
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|jb>- Js> <1) j Jl ol i3 ja$\ j 4 <Jj|jb>cJLS^ oL^qJJ 

(Jjb IJlA *L«J| ^IjLp^JL^I */a a ±j (1 

Oj-^j j-JI p-LoJl <1 )Ij L«JLp to a^cJs^mJI oL-oJl ^|jL>cJLu«fl 
jlpLw^j ji <iL>- <1)1 jl (jilJuJl J <wJ jJLU L>JL/> 

. ^ ■>*> I I i JlP 


(Infiltration y tyta^ ^-w-b ^y ^L-Sll JjJ j 

.^y^^Jl *l*Jl Cx>uj y* yu>- ^y y* Gallery) 

dli^J Ajj- 9 j 0 \ Jyg oLJLgP Jl ^-Ll>cJ IIaj 

4_jj-5-j JJ <JI j_p- 4_?~L>- JJ t liL>- Jl 

cLUlIj CU *■» * 1 *LJ| jJLs^o J j_>- 4_j ^ iJl Cauls' lili ..sLlJj 

*/3 ^ t ^£-Jl *Lo £jj® Lo JLp J j) 4-^- j */3 ill 4^-jjJ| 

«* 

,^>r]a*^ll f'LoJl aJLi>bj ^JUl J t_jb ^u» p-Lio| LiSLq^o 

^>kAj>cJLu«j ( 1 ^ « «la « t '^hAjj , A^JUb\ A^j 1 j jLu ikA-A ^JdoJ Li ^ 

P-L«Jl 4_L^-1 j> ^SvJ ^J-° Jj Jgl>sJ £uOJ>bJ l J jdl 

(J J_P“ 4jl_L*J ^1 J-oJl oJi_A £_v^ J <1)1 C^>cJJ .oLd-JLaJl 0 J_£J 'j-oJl 
t UjL- Cj J.} ^lil ^t-Jj '^oJ| 0 4-dtu Uj CjLrfLJg Mj jj_*jVI 

,4jb>el3 JLuXj t_J JJ 4lJL>iJ| oL«-L^>ej|j JSlSjJl J yP J ^t-LoJ 

fUil J 4^il>tj0 ,>1 Jja J Jj ^-lP a £ Jl J*3 <1)LS^ li^j 

.(26 ^J^JtJl J <-j _ <-j 9>ys^\ JjI) 

Jjl^qJI 4_*_>-Ll 1I c^>cj t L>«-i^Lj iS" j_Jl ^Li <1 )j_^j LqJl-»j>- j 

t 1 ^ I J.O.S I ^P 4 1 -./aol j 4j 3 Itf * la 1 c_J ^_<j ^ | ^ .■ * I^J>- Ij>-| 

^IjJl t ^l j-«Jl oJLa JLa>i J ^Lul J tiUjJ j-ol j-^j 

J3 j ^ JiJ (Roofing Sheets) 

,4IjLi*J| ^ ^>t>til ol,> 4ilil>c^Jl J>l j-o-ll 

4_J jg * >r ^ ll ^_Jw^cJl >c-j| jl t_J ^_A_) 'j/ 1 <■! ^-3 ^_J 
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iJjj i^iJLLA iJL«_p ls j > j t (Geotextile) L ^>jVl il 

j-o-j t j^oJ M-o^-bJl ,>1 j-qJ| ^»l aJuJu 4 jL t 4 -qJ^Lq 

.^l^oJl oJlA P'liilun'yi 


* 5 jiaJl 3 jJLj 1.1a a >- 4^3 Jus-l ( jjo * J j_*_)l JLun 

.Aj^LxJI 4_fiJ ^JaJL) LjJJa p-LoJl ^-s^LJ jLi ^Jj_ *LJ| 

LoJLp t ^k-1 i yA yA 0 y~M Lt-fl Ls^fcjl *Ul ^ 

<J1 <Jj>' L*^ • L«-i £w2_Lj J L^J c_J J-& yx j*J> 4-fljjJaJl oJlA jL 

.(3.4.3 *y*^\ P-LoJl 4-kP J-JLiij 


P-LJD j_ aJl^JL^O l ^ a>- C^JL> cJLj oJj?-i J <J3J jb kijULjbj 

43 L>- 1 3 yA F’LaJ *LJ| yLkj^A 

olli ^«Jl (3 j-A>til 0 j^ij jl ^1^ 

.(27 J^JtJl) ^yLoJl jJUaJI *Lo y**-) L$-JJ 4^~jj ^ ji jl 

yA (Inlet) j««» 1 1 4_L»^_J |» -O a/ 3 > jl L^>cJ 4 Lt * ■» I l vIa a^- ^ 

jJL^«Jl yx *L«Jl ( j^qJ *JLy*J Q**t* jJL^-oJl 

.o jj yi Jl JL1P 

JjLjlzJLj oLjjj>- j+/2 .» j c-jj^ ^ .*■* Si 3 jJj ul *— c i^JLJJLS^ 

Jji *LJJ ^U-uJJ tSliiJl jl /iS^Jl yo (Gravity Flow Outlet) 

.4^-b>Jl JlP (op-Lo c_» you) twii>ej ^£1 ^*31 

o j!3 ( yj aS jJ\ /olldJl y p’LgJl i^JlJyaj ^j£L*u ^.a*. */2~\\ IJl^jj 
L^> ^oJI ^cJo-u- *^*11 IJla (kilJJLS' .<jj 

Ol y}\ L>idJ 4->r » la * f ■>■» J l a. > cJ 

gLaJl ^C- l Q~ui Oj-£j Lq^a3j^ . 4->r la *M OLol ^ 1| JLmlJ 

^ <J^^- 4-J| P-LgJl ^v2> U jJL^>0 

La Ij>I^ ^oJl L^ *^a ^iil 3lj-Jl 4-LpLaJl o^L^wif ^ jlII 
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:: y 

1 - 1 ^ 

.iJjj jl SU ^yJu jj 

. (Rajagopalan and Shiftman) ( 1974 ) : jJUtiuJl 

*L*Jl ^jg «■»< (3j-* (Gallery) e _& j *& * *LJLjI j-* 

p-L*Jl j*)a *ai ^J*-*_>t-i ^j^Jj 4JL>tj jl j_>tJl 

t (Jli-^Jl .P-LJLjVI 4-JL«-P ^l^JuNl -LIP ^JLijJ 

iJJJSj £ jLmJI 4^15! ^y» Jtfu c j-^Jl o j«/a^ll *L!L>I 

^JLp 4 _Aj jJaJl 0 ^J-*-*JLwu . j ^ 1 li ^3 P-L^Jl 

P-UJl 4 l*P 0 ^ 3 ^-5 1 ^3 jJJ i ^u^JLi ill ^3 P-LJl {£yLt+»A 

P-LoJl < 1)1 43 1 *^2 a oJjli ^L +Jl3 ,^ 3 jJ>tJ| 

_y& •(_$* *l*Jl {j* (_^ J J *c A " >A»«Jl 




JLw- ^oj (Seasonal River) ^1,/ai.il £li <Jj**a 

^-oJl **-* ** M j** IkXA ^JjLo J o| • ijP 

*Ul O^j y>- jii oJlA . JLmJI f -\ jj (jJl jjJJ aA./j\\ 

^ (Jl p 5 Cr°J ‘jM' <J1 

^ji!l *L«Jl ,jiJJ Lo lij a^ljj£- il^luo oJLa ^J^ij Vj 

* * 
.Ijjjy ^ “ a ^l <_»H tZS-j** y> JjjJ LjjJ 

^ j-*Zj Ji j-fJl j *- 9 (_ji /Jl ^UaJ LcJJ^j 

tdJUJu Ui jl ^Lill jULoJl <il lojjJai- 

iwajj.«i3"!l ^Uij LiJJ d)l »— >-Uaii tkiUjJ tjLojdl **Juj*/az}\ 

* 

.Sj^laiJl «JLgJ Lplil i„^iLuo (3*^ 


aLJI ijX^J J*^l iJ-U. 

1*..«iVj idjL^-Sfl j ^ ^jlSl 4.1.<a!l jl 0) 

^ j_yA toLjJl (jisL-oJl <JljjJl * ju .j* a ‘ '—■^ (JjIjl>«JI iJLp- ^ 
i_alj»- is~L»^Jl d)Lj ^$jJI ijfi J& (_y* -A—“ *Lj JL»j c- JLit!l 

.) .-iljD ...j Lo Jg.is] t 4 .1 .^ll CjL — 1 aJLfj LajJj ^£_*j JLi-Jl 

ol^> jJl «-A-j-i f.LoJl_j .(28 J-SCJLJI) (Sand Dam) ((^yJLo 

* p * 

^iJlj c) 4 jI I JlP i 4i**Jl <J^LP- Ip-LL-0 

ckPl £*J J^ai .J^Jl 

,j>t-aA\j <Aj j\A\ ^jA 'lyQS^A 0 j£> AA» AlprJ p-LJl J 1 'V | 4 4xP^jL>ti| Oj i^laJH 
4 ^j^-1 jA ^j-° p-iii 28 j-* 

cilJij tMJLu- oLUl £*/» t j-A JL-Jl ^yjj oLsAjj 

<ZJ 1 ojj C fcA-k^»Jl Iaa^I ji hA3 ^*^3 >gj J J ^]| ol 0 1 ■» *|<3 1 

J Ol ^ p-L«JLj Lfi j-p- JLi ^jj_iJlj la ll ^ 

^ JL-Jl <1)1 U^jj ti*-— uni jJl jjS> M-oJlS' o l iJ? 

jl ^P®_PbJ| jl mJLu- j_Ptj| ^jA ojLlj 1 la a ■> & P-L«J| 4 $ jJ ^jJ>cJ 
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. J oL^Jl L$i j>t . j Lj\ ^lll j j ciUSj ( I) ((jjjjllaJl) 

j\ JuO jJ| ^y» oLjl £*»>- IJl* 
(oLmi jiii ^jSfl Ai^Jl ^3 JLoJLo 

*LDIj (Jl jjJl ou^mi) j-^Jl J j!ji>JJ jL^JIj 

1 Ji-A .(JjJb>tJl J*3 ^3 A_>«^Jol jJl oLjJL>*-*Jl ^3 4-3jJ>- fiL^a 
* 

t dUS JUj ^3 c^>«j oL*Jl jl^>- j jii? £** ^^Jlp jl-JI 

jJ ^Usu J t .r! 0I3L ^-1 J^JLj 1 j oL-«Jl l )^3 

JjJjfsJl £-U (3 _>* * . »») N L^J I ijj—jl ^ £j Jl I j-® ,j-^J 

...ll pLjl jli jl iM ■/•>■* L^j N JJ-Lj 

J-jJI c«jp ^ .^jj iLo- 

.Ul 6j~. ^ gjj t0 l>JI ^ jy ^u, ^1-j 

<w ^ 6 ->> JI ~\ r >» ^ jui 

ol>-_p) \ \ 


l—* J-Jl £-• 7*-—i y pUsJ 

»LJ1 yj jJ 

CHy j ijs ^ - 


iLLJl j-p 


■ t 1 j^ J 

.Nilsson (1988) 1 >UaJt 


6 




Ct* iJl $***• 

. j! «-UJl i > 


' — o jt jU«i4 ' — ^ ^ ^ 

jj. 2,0 

(j*-L* 10) ls** 1 *- 

JlPj t SU3 j-P £li t jt XS^J n IJLa Clj£i Ji 

i £LL jI frUjf ^ » « '> « "! <_J_3»JL>»i1 ^li ^ 


. SWS | 

. SWS (1992) : ^UaJl 

^3 4 ld£ t SWS £tJi> j^o J*llal)l 1 * 1 * ^ip 

^ p 

<-J jJlJLo tL-oL^l t j j^« j-g-fl (JjJL>cJl £ti 

J .(29 JJxJLlI) (j->~! j_>- oli jl) a^Lo *LJ j^o ^£jJLoj 




0 4 j*- jil\ 43 JLIaai^qJ I {J ^JLwwJl 
Jj3j 4^- JJl ^^3 AiJlA^q J i (j^JLiJi oJLa d)I L a^caAsaSI 

L^LfclMlW J>B i i OfeJLA (J ^ ^ 1 S.^^0 4 plaQajj ^ < _ 5 ^ ij d . tt 1 i . M jl .> - ■ - J>c 1 1 1 i^J i ■>■» 

4j*>y>- ^ j»s dll jl jJLil ^jl*. (_jV W 

JJ Jjl>- (> JLiJl J _pij ^LJl ^^»JL SWS biJ 

,CJjj »Llaf> 41 * ,_JjJjJ 1 Jajjjj L*S^ i o|jb>tL-i| 

pj <_jjj 4P ^0 <^J>- OjLo (_} jJJ (jjj‘../j! I Jujll^ 

^ *Uai!l Jljj iIaxp- t ^ygrla.^il *LJU j.I./OJ £-15 ^yi 

ilj-*-; (jj.u./ail J jj»- < < e.Jji ^ JjJUp t (jj.y../i]\ c^>=j 

.£cj*£ Jl (jjJUsoJl ( *^ jl 5 lillij S^LoJI ^y> 


(dS Jl^) «-J^l J i;Sl-«-!l j^l./Joil J lo..^Mj tciLSi ^y> NJbj 

jl^JjS ^jA J2**0 £-ij y> (_yj Alii jl l^LiJl JL«> jJj .l:./3 l l £*£>J (j^-*d 

(3j JH^Jl l5“^j (_y*j .(29 JSLiJl) a*S$\j> a^^- 


(J j_>- ^y^tjjJLj jl £jJSjb . ^ ^0 pLJLjV ^ jJ (_JJaIj 

y (wS j . /* « 1 ^JLLq^o 4-dJ^iaj (jl 4 JLj J_*_l_j ,(_JjJULa!1 

• Mj^LiILpI Ciu^J LoJLlp 


cJjJb>®Jl jl^A? JJLP 4iljJ>eJ| jJiP- *L<iljl JL?- ^ J 

<jL^ O^J .<JjJ_>e_il ^Li d*_>e_J SWS J ■» !l C. 


tii jl ^j j .^ l l ^ylSL?- ^yS L»^ ■» > - C~ 

f. ^ ^ 

( j-« 1>A ^ i £-5 ^_aI j ,(1,>jJL*^jo) L»-JLl>t>o ji 

<Jbj ( jjQ ^l3 0 jA ^-oJl 


ar^Jl J ^J1 Jl L-- jL-Jl _ 4.4.3 

ijSLoJl OL*^ ^ ^Ls-il J^ Jj ./g>Jl 01 

Lj j**u» olijj^j ^j-o oj-J-L^o LfJLp <J j. */3 >iJ I jL^^Li <. A^cJa^Jl 


118 



t ^LL>b_J 4_dj j]aj\ oJl^J ^1_>*J! f-L^Jl (jl jM t 4JL)1_J j\ 4-i_ali3 

*_j ^** w*Jl oLj J ^ jj [*£ Ajt^Jaj 

L ^ i £ja tii!JJ t <iL^o AjbuPj JaJa^j ^ll^o 

l® 0 l_^“ O^J) ■|l < ? ) ^ ll ^ ^MklLd «4^_w0wL«_A 0 y*S*~ ^ 

LoJlIP lil>“ ^^iLu Jl ^oJflJL ^JLl>eJ j\ C {jl jLj 43^>eJ 

r i^]| jj^ <0, c-»u ii| 

' U? . . .Ih. k <r. .5 , i. .. 


Aj_5 Jj 4 d .»P y, 4-»«.|rt< 


<jL*P _yLj 0a*04 CLwJL^altjil 1S[ 
}jJ&- {j* fcililiA (1 )j£> ^ kSf* 
jtiaux *-UJl £J_jl 




y^i^V jj_^. 

jJJi 



\J“-> e.W r 1 


•LjjjC* <Swi ^ jL»»>-I 


I £4 CUilj 4— j 1 J~*A 

. Pickford (1991) : >UoJl 


4-*3j-« ^3 oJlJLj jl OjljJl ^j^ww^Jt Vli t j-wm-® 

Jj-U OjLjJJl t J ^ « 1) ^li ^ jJLw«^o Jji J j-JS-*-A ^LajjIjj 

jjl*-^J| £jj» j-g-Jl (J^“^ 4i_>LgJ 4-JaJtj j Ui” .oLLL>t*Jl 
jj^j jlj .oLLiill b& sLJl <J^>o tiL-tw®Jt 






* * f. 

^lm. ^ 1 1 ^p>j*+A 0* 

^[ US' .UJUI <JU*JI ^I^UJ JL^Vl ^1 I^JI Jb-y ^SUI 

a 4- 1 j LoJLIP li j-JLSC-a ^t_^2_j 4_^-j,5 L*_dJ jji Oj-^j 

JLuti {* I JL>cJL^>i| i ^ . A a>< j^oJl 0 Lj ^j>cJ 1 djl ^aXJ ^ii I," < *Ul ^ j£Lk+tJ* 

^lp t_J ^ a^oJI *LqJ| ^ cjlS' O^o-sa! { jP 

iil^j (_j^ ^*01 *A**Jl jl <— LjJx^oj ilJU^I 

.JLuJl ji— <_ylslj l5 w J-“*‘- s (_$* ^U-y» jl tp-»^»Jl « 

jl jjo L» i-Jjji ill j-Ol oJLa ^tLajj 

.Ljili- 

. JjJbjJl jl ^flil ajl^> ^yJl?- ‘—i y* -* *LiJ) o^-°-U 10-A 
J _jJL>«Jl oLS" jjs- it, »>- 4_J y*x-*J> A a U: j pUlLjI ^) .,A a , li 

^JLp jl i ^a./gil ^ Ujs- 0_^j 01 L/*jI i — >^j L*S- ,i;JL>Jl 

t oL jill OSf itDij t iwiiajU< jl { ^^j> {y> ^ys-jLiJI *■ y>*l\ 

.<wi k*lJl ^ ^^li-ljJl eJ»Jl £-£ t 1— i ^ . — a l l JL-j <1)1 (j^»i j_^l 

( j-« f'jjjiJl ( _yJL* > oW !l c-JL^ IS) (_j _^>-I <aj»-IJ ^yi 

(1) jSO \ £-5 ^<Jli <j| _^f«jl jl (_|^j iv» IwilutLoJl 

(31 ^J^tJl) pi - ( ^^jc ^)5 Lq ^|jLitLu»il ,|jLj- 

^Ua>0l . Cjj.^31 oLaLiwJlj jj^LiiSfl ^Jj-JLoJl ^^9 

jiljLix^ilj l^JJi ^ylLitiil jUau J?"L»J| ^ tiLilJ ^ydl oUUmJI j 
( j -^-«- jj . JLil *. <■ !l J .- 7 V * _^I3 (j-u <JiLo y>- 

iJLo^l J.l 2:i JU ( _gj:.^ <t i (Scum-board) flip 

■ i^i ijUall alj^Jl Jji-a 
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IS (Floating Intake) ^UaJl Oj&j 

jm-mJJ ^bJl Lg_*3 ^xIj ^jlll jl^jVl 

.*Ul js-x-i j * x*j ol J->Laj j'V I 1 

£tla^ jj3 ^ 1 * < j}*,a'> jlJua^j (Float) ^fiUaJl {jA ^IjJu j-w«^Jl jlS^ 

ciLLLSj ^LrfjVlj ^15 jJl ^yiUaJl <Lli cf-L^Jl 

4jjLL«JL 4jjJl^Jl <JuJi ^l^-o-ll ^J-*-LlJl ^Lp °L-a ^i-Sfz^Lu* 

,^cJa*Jl C^>*j ULo-P o3j>-j^J| aJuoJI 3lj-*Jl 

^iiUaJl Jjj>~ ( j-JL>- ^JJ>-J-*J| Ja g >b-j 

^ £- 

^j-a 4 jL*->“ ^www^Jli A^aa^juj t Ljj 3 ^j^-al La-JU^ 

^jL^JI jwL^a-^Jt ii_s^ La ISIS . jLs^i-lt p->-LJl jj_*a Jl 

J ^ ^ Mt«0-l l ^ * j_a £- LJ 1 L>«^ wL>*-J <mmS ^ AAA. 9 L 0 1 ^_^e_) ^ Jfl «»» j 1 

jl t jJij J_j->- ^SLwotjJ j^Jl jj- 0 4->~l j^tJLw*)! .jJLJI 

.(30 ^J^JLjl) AjjJb 4>e-s<2^ 
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1 <jk_r 





iji «J| ^jA JLwi 


bjjj* J u> ilsl. alls *-L« 

fay**- i l..-> - 4 g,/t\\ jji 

jl ^*P JijJjU »L*J| 

49mJljt*Jl A-5 y» <liJ abi 


‘if jdl iUJl al^JI 

ftl..,A 3 lt <J^i- 

j^-U- J^U- frUJl 
^li-JuJ jL^udl l y 

oJI ^1 iU2)l 


JjJLjJl jjistf 


jfc-s ^Sfl 4jUll jl^Jl — J 


Jjj^Jl j! /j 


. oUi j^jIj 


: 33 J<jJI 


41* *l*Jl ^AJl J^*U <*iiJllfcj 

3J_jLJ| 4->t */2 .O. ll J»|j_>s_I_wcLj l jJL* 3.5 C j-P l*Lfc J_>j_) N J 

oJlj& ( ^ r _p j-gJL-S Lit J-jJ JlJj .(32 J-SL-iJl) (Centrifugal Pump) 
c f-LJt ^la «*) «l>t ll C.J15 tiU . 2.5.4 <LojJL>t*Jl 

. l^JLJaj JJa^j oli jJor-Jl o jj& jU 

JL>Jl ^ 4_L>t ll k-jjLw—oJl ^j- 4 tiUliAj 

i— J 1 4_fljL^_Il ri . i ./9 ll ^*^_4 ^ «wL5 ^ 

.(Tyrolean Weir) QLJjjjIj Ju*)> jl ^pUJ! 
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^ l 1 A_*jjJLo^ aJuLjQ A_>c^i JLk0 ^JLp JLwJI |J_A ^ jljtjj 
(JjJL>eJ| <La-s<S»jI ^3 ol_l3 (J A_P j-a j t A_» jLrfLl^o 4-uJUtjo Q 1 * ■>/? 3 

.(33 JSLiJl) 

^ Jb j_>ti] oiiL^Jl jl ^ o J-Sj 

o y>- Cl oi c oiiaii oi <^1 aJUaJi ii y«ji 

,<wij j*/2*\\ 

jl £-jj $ ■»/> S' AJLkj^o AJa-flj *LJ| Ja.ilj oLlSJI ^ j-ij 

^>o OLJj^j^j L°j .(3.6 *^>*]| ^iajl) y Olj^ 

^ AJLjjlii y*j jl i_jLmJu ^>c_>cJ| c ^ oLjL< 2 jj 

Lo Jj>- Jj^Lp-cJl Oj-^J ^ |JL£aJ . j-jjJl jl (JjJL>eJ| V— > 

<y IS 

Jmwm)I hUj — 3*3 

jJL-Jl ^ a ^ L 7 C-- ->«-j t. a aJLlI oLj-qJ j J ^ 4 ^ L^o|JL>tl-u-l ^_i 

iiL/iVlj ^Qililj t jjaJl Jj-Uviil j 

. LfJU 1 .A^-l j5 jl ij^d j-«-«-Sl |*^jl j»Jl Jlil! jJLiij ti>c-^L<Jl 

. 4jl._<3 il JL^_pL ^LJiJl Jj«j 4j jjj*0 j/3 J j jSvJ jls ^«,^L,:il 
(jjiaii 1. : . ; t«L*Jl ^ L:ll 5.6 pjj>«Jl 

.o ij-J-Ljj JuaJLiIIj f>L£JVI Jju ^!jb^L»l ^]| ^LHil * y>^\ 

3 yry* .jjisjl O-LuJl olj^Ja-<Jl i?.-il ^OJ 

^-LSj « * g ll t ((_£ ^V?L5jl ■>■» A l i ^j3 

_y*l (_jJi!l (HTH) ijjLii-jfl 

(Javel f-Lo j t !l c*-jjj_LSj_»-_a) JjL-JI ^vjLsJI 

oL^ ^Jl oJLa ^yiil jjJlS1!| 4 -;-<i-^ -L t^ijuj .Water) 

s-L./ail jl jl t > 1 ^ 1 ! j)j tjji>«)l 

oJLa jj_>- c ?■ jjij t jJJJJ . i g - ^ ^»-l " ^ ll jjJLSJl ^ ^ S' JJLaj_ 
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yJos>x . j LoJjlp f Lla^oJ j i o jL ^SLol oLS'^-Jl 

* «* 

’ >T- . ^ ^ f ^5 4 1:^11 ; jlp t*l ^~1 : a. Si j_jK}| * - j 1 ^JL c UuJL^~ 

J 70 i(HTH) cujjjiSj .. j !l J j kJuJI J 35 

.4iaJl J 1 JliLjJl *Lq Jj l4i«Jl J 5 jJiL-Jl Jj t4ia-!l 

j£5l oL5 ^aJl oJLa ^j^JU JjidJ JL3 tJL*Jl (jjall iib- ^yj 

.4l^> o jls J L^j J ju 

JJU J . : . i J i j/> jxi. i ^yill 4jj_*i*Jl al j-oJl £» jJ5(Jl 

Jf4 4P^>- t _y5^ ^k>«j IJlAj .|JI j»«il Jil £-tuJl jJ^ll ^y> 

J£ J 4j J.^c- il JLp 4 j_jL>*J| oLk^oJl 4>ejljc*o 

Ji! ^Jl jjl Ji?j jJ^ll o* 

( j£l) (Free Residual Value) 4.2 ; : Jl ; y > Jl iajl j .^Jl ^>Jl 

Jjjj o 1 JJ (_$*Jl ^buJl <Jl*iUl jJ^JL! idL^Jl 4»a£]| 

0.00003 J jJ /jJL. 0.3) fLJl ^ J jJSJI ^ U >L. 0.3 

.4iLia 30 S jk&j (4k5 *y>- J JLo l ya e-y>- 0.3 jl 4ia-!l J 

tol jf la a il ^y> iJLfr Ja5l jj LtJlPj lo Jj J La-Sj 

(4k5) jJ£ll {j* 4iaJl J 0.2 J jJL « jA Jjall ^JlaJl JLJl Jli 

iSy^-i tj-* Jlj^) 25 J .. /O > tsij .aLaJl J 

t ( /^ I 2000 (_jl) (4 1 :5 ) jjJKJl ^y> 4JLaJl 0.2 ( _yJLr> 

* 

^t^Ld ^5^>e-u*(^0 La| 150 <— 3 1 A/9 ^ 
.►Ul ^ 25 Jl HTH ^ L.I > 70 j] (ilk** ^ikb 

| jzk 24 Jl j*&\i JL- ji . J 1 ijUaj (JULSi ^s- *jLiJjj 

i f'LaJl ^ I jj 20 Jl tLu-Lp- Jab*- a.L» ^yt cj I jj 5 jl i a-LaJl ^ 

* * At 

2J y>~ i I li yn^~j> C-^S OJj J jJLp«J| ^J-aJj 

■— SL-I J ji'. <~i (31 Jl 1 1 ./a il il ^j| tjjilia 10 SJLaJ J Jo>»_aJl 

j1 *— <Ij J»~Jl j*3 J c — Ajii La_J ^JaiJLl 4j»Jb»aL^ilj ,J3| J 

J Alsjb 4^0 ( j^JL»aJl 
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^3 0.2 (J ^aSo Le 4-^9 jAj>- c_^Aj j-w$JalJ 

C^AaJ I ^ y? ^ li f'Lo^iij 4A*A>sJ JLeP <lJLpI -9 j! ^ oJL*x I Q l ^ */3 1 4JLo^i I 

12 ^y9j ,4-s^> ^^oJ| ^S\ j2 *} I JliJ j^JKJl ^jjo Lo ^yA*-^ 

<j-* 4-*-^-i' 0.2 ^-Lp <j£jL>- Jj-i^>«-^ ^->^->- 4 a_j^J? 

^y]J (J jJL>e-gJl 4iLs^J Jjiuj •J^ JA^ la 7 ^y9 4^o i Wj .. ^ ^ 

Jjl£3\ 4j>*j|j (JjJJLoJl f-UU ^yl>- 4 ^-s4LoJ| i jA^- ** — 

.^j/l il aijlju SJLs-lj ipLj SJuJ JLSJL*j ^la~ll t !l 
Oji {y> LaJaj yA\ ^_j tCal y> oJS' oJL* jUai'iflj ^viJl 

, A_£* L. 12 oJLaJ ^»ljL>^L^al 

jy l j/>J\ jl ya ^1 *LJl «-i> jUaiNl 5 yi -L*-ij 

(Jljj V J_JLl BjyOA-n Jl 4-ijJL>Jl jLl'Jl j_y!j A ' !LlJ 

l 128 oljra./aSl ^ ^Si U iAjias^jt 

(jjj Liv» 4 « ■>*> « ! Lj .(_jLl5LII IJLa ^ 131 j 130 *129 

(_$ j~ .~< yj 4-*iljJl (jljJjjtJl a. a la .t i_JUaIj j_)a>*Jl ^Jj j ./? j 

jy y v j .oL^Jl 4 1 : /? t (jl £_Sj_ij ^LpIj ^yJLs^Jl *L«Jl 

( jjjili ^iJl ^^IpI ^LJl (J^?^ (4.3.3 *ja»Jl) 4^b>o (jUl caliaLis-l 

.yiSlI (jl ^JLC’Sfl (^1 ijLv»ll jjalp i— a>*~a ^£- 

ii yp y>S\ Aji j^iaJl (jJLlp 4 s-LjL <i*Lo ! I dolS^ IS^j 

• 12 £_r^' <J 


a!jJj>- jSj ^ aLJI j.^ii'i *j > jjAJI jjJl^JI a^a£ 1 12 

I. »r' | 

. (m 3 ) jh^jflj (V) y$\ 

jL^oVLi (H) jJlJI jjj e-LoJl ^Lijjl a .» .a 11 oJLa l— *>Jj 
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(D) i( )a a b- ^|jL>r I.a^Lj dUi ^*>1^3 

0 b.S!L 

V= 3.14 x H x D x D/4 = 0.785 x H x D 2 

4>c_>-Ij oj j -p i ^lJI f-Lo la” I 4-oj^Ul jjJKJl * a S JLqJLxjj 
c 3 1 ^-«JL jp~a*aa ^Ipj ^ ^uSUl jli] I ^ - aS 

(^SUi\ j!aJ\ /^l> 100) iuJl ^ 0.01 t^Sydl o^Lpj 

.Uj%> j LslS 

j- 1^*1 M^oj^Ul (oLol jiiJL) (M) i jjJL^Sl -tils' ^L>tjV 
(**-^*^0 JL» /^ I l_-> jJLk-oJl ^lS ^iJl <-J yj>\ i jLa} I ^ P'LftJl 

\ jb.VL) V 

M = 100 x V grams 

j 1 la ■» !l <j «J| jl J.S j_*Jl J iL>*_j^f j 

c ^jlJI 4-qJ^LqJI jjJLSJI aJLiS <J j >«JJ 4^I.JL>ti«w»il 

(D=l,2) I ^0 1,2 ojIjJLq ^ia3 d)lS liU .^LiSl JliuJl 

* 

.1 Jia 2,6 OjJsmJI f’Ul 

V= 3.14 x 2.6 x 1.2 x 1.2/4 = 2.94 m 3 of water 

*Ul ^y> jin ! 2.94 

M = 100 x 2.94 = 294 g 
; i ’ j ^JLSCJl a^xS 

a Jj . A ^ j^JLSLII a . * K i_jj ... ->r_J 4 1 t .1 4_J^Lj LjO 

j^i ■ ^ja l$JU> 

* 

i LfljL- ja/Z>^j * Jl 4-LoJl ^3 0.2 <J jJL>~0 Jj>*JL»-*»Ij 
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294 _j IjJUjJli t ^y> jl. J j_y3 {y> ^1 ji’ 2 ( _yJL*> 

lJL/kj .^iLoJl 2 <J jJL>«_oJl (294/2)= 147 1 L®l 

.LjZ SUa~. 12 

^ylp O jia-l 0) J jl» — !l ^ (Ji! i-L* 1 jLoJIpI ^^SLojj 
. I ^../a^j'j LlljLisL^ll (1) IJLaj 

50 jySl^a-) 4£*J| ^y3 5 ^ylp ^-s^^-3 «il (_£i-l-! 

Jl JT^**- 1 {y> pji 290 ^yi^ J^a^lij ,( jLJ <_yS I J*-* 1 

^yS) lijl (290/50) = 5.8 J ^ 4 »LiL!l I jzA 5.81 

*ifjl j ^> LaJl iJlA ( J_ v ai*ifl £jA 4 _j| J ails j^aUiJl ^ 5.8 

^ylt (J-o-fcJ ciLSi (jli t ^iJl jj-» ia- * f-UJl J j la .4 ^ iJL*j 

■ ^u^La>b JSL_j 4^3 L/?) J - ^ ^ i 4 i Lat^Lo a . /? i j I 

350 jl t 1 S' 4 1 4h Si ^y3 35) ^-rt^LjzJl ^ yj> r ^ S I ^ 1 bLp’cJLukf Li 

i ^ 290 ( _ J l-£ Jj-v4ls^JJj t( j <Jl ^ 1000 /jv-p 

(290/0.35) = 4^-4 ,*-£• 828 ^yi) c 4j jJI a .» i l 4.^ £ il 

fLJI J j la .< i-LP ^yJ (j j_> r ... o SI IJla jj ./a eSfl 

^ j: .- ~ jl 4 . 1 . 4 a Si SaLgJL! ^U-uJl |*j ^y>j t yjJl Cr" jj-L«Jl 
JL*J C jiJl (_yi) (_£ jj"! ® J* j_y3l ./a ilj JjJl^oJI f-LoJl L^4 

•jiJl Ji J >JI oLjiM 

Jajj^aJl ^U.-Sl jiJ I ^yj f-LoJI ij jj»- S jj 

Sjj-saj jjJL^Cil j-JL j 5jlpL-3-«JL] jJlJI Ijl 

,^iJl P-Lo ^ <*-*jl>eI >0 

4 p 4 4 

jJJLaJ ^y>- jl 1^3^ U j3j C*j j3j Ji yi la* i^.Ua' li) 

I3U j; j laill iJLuu s-JlJI c4Sa*... - Si jji ^yLp L^J »L«J| ^ j~.^< 
^J-^3 (J^i- |»j Ji J*jJ| d)S/ f-Ul £ji jl JIJL^il C..4a«~.«l 
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JUl9 t 4-oJ^bO LLqJ I *■**-> a ll 0 jl I j\]sLA*)l\ 

Olj<-L>*-!l i-d « la * 7 c^>b_j J_j JJ>_P ,jJL*Jl 0 j ^ laT ,>1 ^-«J| p-LoJl 

jjl53l c^>cj Ju Jju .dipjJl Ajijjlaj jJ\ j^-1,5 j*j* J| 

4aa*jJLj AJL^Pj Lq^ j ( jJL*J| ^9 ^Ul *L«J| ^J>fcP- lal] 4 j jl la A ll 

^0 A^j^UI 4-u*£Jt cilii JLxj oLs^j i 12 £^oJl ^9 a£j J->«J l jXA\ 
4s*z^kj> j3 jj ^jlJj 0 ^KJI ^-0 <L«Jl ^ 0.2 ^yi-p ^jUJl 
J-yOLJ P-LJl ^9 JjJLSJl 4j>*j|j £tA-*2J l AjjJU 

01 C^>c-j C C^JLj £-A (jL>eJl J_A LfcSj . U=r it,} ^k^Jl ^ 
^1 *LJI JlJ ( ys JJUl Jl jJs Oji Sjk^LJlj ^jlJI i ! jij 

£^ai jjJJ ^bJl i*j JU ii~»- (jji 

.kilJL^^oJl ^ P-LJl jlJuo 4*3 

I^L^apI ^aS^I jl oJuJ ^lJI ^ ^9 Lx 9 ^^-Lsdl ^ 

. CU9 jj| £>o 4JUiil oJlA ^pIJJj j ^aaII (Jjjuoj ^iJl Ajuu* ^ip 

j| ^^ajLJl Jj j : S I j.q L a~ j_lp ^J'iLgJI ^ ( _ r ~J 

,^j»*j>JI ^5 L^j Lo jjJL^JI p-IaJLj 01 tO^Jl 

2 ,_$jL»J| JjJLsmJL J jla — 1 5j"5^j pi niiii 'i/Juj 

IJLfj SkJLpLoJl ^J| *_i J^>VI-j I g I 4JL?~|jLil Jlpil j t4JL^_i! 

•JJUl 

jl ^iJl Olj-JLj" J— -»j ^j-5 j (_$JU| * ->>4j IJla 

oljLiaJ ^-vij 01 Jj“ljJl £jJ> 0^>«J1 ■g-lj4-*P j\ (JjJlI+10 

. j.^L'il jJsLa ^y> Lf^ jl / Aijp 4 jLoj> 0 iJlj 

^ ^ ^ ^ 

CaPj 01 VU- LD *L» 01 OJLUS' jv-fA-ll £y>j 

^1 | » .^ > 01 ijiij ,j^*-ll ,jP j oUsLa^-VI oO-ft ^a-«j ,i?-L>0l 

ajL»j>- oljlii ciiiiS' .(J^-1 j*Jl (_y* JSLJl ilij 
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A-J (^JLSl d^3 jJl ^3 j.^yail Ajj_$jj t A-J?lia>Q 

oL-<Jl 4-$iS 2 jhj c-fl. <>■ *LgJu^l JL*_jj - l a . la 1 r I i oLJU^P 

>— aj j . ^'l l j-i-ill j. /ai l ^yi XjijJuJI Jlj 

. (Washout Pipe) 


jJuA\ S^l^l jJJU - 6.3 

* 

jJUa •» li Ia 4-uLul>«Jl Aa-«*5U| A_3 j*-* ^ ^ ■» ^ {j* 

<1)1 LuJLjoj oljLls^l *\ J>-\* *^JUi ^1 p <J f-*iJ 

j jJL^Jl i^bjJ aJ (j ^So ^jJl cJ^Jl <y oljL&^l oIa ^ ^>J 
o, -^ A oLSjl ^ j->tJ oL-LJlil j I lAJb- 
^ oLp C)j£j 0Li^>JI ^LJjJ c^-wJ^I CU3 jJl j c Lfj ^JL^o oI^jJJjj 

AjL^j 


^L«J| (3^®-^ ji—4 L> 4 _jI c «lLLJ JlS^ o jSi L«^oj 

jU {jA o^I3 J^l>- A*J^Lo oj^vaj ^yUJl 

^J^Lkiu oJi_Aj j.^-1 JLjlj <L^m ^JJLj O J-^* jJLi^o 

^Jl oLa- 0 1 ^ o 3 t a _> T J | A & II ^ y 3 !■»« <<lV 0 A 1 ^ Vaai^O 

I ^Jgl « ■» ll UajI aI^^aaoO ^Aj ,A-»J| O^L>r y3<a aJaa>i|^j ^*^oLS\-q*J| 
S^Lj jl jLia-oVl A^c-Jyi Aj>*-Ju LoJ cAa_3j_>*J| oLj-oJl ^3 A-Ld ^ j-o ^jLxj 

.^s-tA^alJl o j*\]e c_aaaao ^caIJI 


>ji j] jJi ii-^i - 1 . 6.3 

fr ^ & 

j_y!) 4 jji=~ ■— Ju jl t bj J j oj^aa^A I^Ij jJLa<J| 0^ li) 

^jJtSJ t ^aL'.^il <*j>-j5 j^>*j ojL* 1 t ®L j>“jJjjJll^JI# oLoJl «-«>-; jyj>- 
otj t LoJlp j. i . ^ « ll oLS) jl f-LiJlj ^Lblil c ajl 3 jjLoJl 4^»-lijVl 

O^L k£> oJLA ^j_!Lp I^UipI La^jJUJj AaJ1aJ1>cJ| AaJ>-IaJ^[| 
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JL^- J I ^>oIp l^>cj dUJtf .jJLs<dLoJl *L£Jl yo ^J-la3 

.MilS" M-j^llj^/1 oljLli-l ye ^5lnii 

<~J& ^ L$J^- *L*JI y* I •■te?* ^JLU m^S 01 *— *j j*lq 1\ yj» 
. ( j-o-^oJl y* o j-J^Ljo Jlk c^diil o Lo ^ )a*ja Oli • 

* 

Upj y*-* ^/ail M-Jl^P jji>til c^jjj (J y- M-J ^»*J| oLJl 

LqJLS L^cjjJj ^yailiij ^3 j_>Jl *UI ^ y*+~ A OJ tSl) la * ■>,£ 11 

* 

<J JUw wLqJLxjj .(* j jJLLo Js>j y**-* m^-JLj Lo Ij ^SOj Lj I 

^Lfl^l) f'LaJl j^jIa-uO ^3 ^ Mj ^ lil AXaaJp 

tj| C — JiJ ^3 9 >LqJ 1 ^*j4hSCfej| P'Lfl ^j-U ( fc -»*^-‘**'“-Gkll 

^Ji^JLi ^JLll jJ*) c_^5i] mJuoVI m-^Iij^U ^sA3*ifl JL>til 

o_^*^ <w^ ji **> * .» 11 ^^L<L>tj| o jj_S0 LoJLip ^jl>cJI l ^ylj *LJI 4 -*j>- j .» ) 

,1} jJLa <u-J (^L/goll ^3^>0I p-LoJL! ki>Jl 

LjJb oj^jfc>*^Jl ^iJl Ol^Cob 0U t ^A>J| J 

<J^l^- *LoJl 01 *j IJLaj . mJ j-ijco 0^)^ oL^o^ y y 01 

*UI M^3 ^jJl ll ^JkSo ^^-u*»l jLfJl ^<a Maa*-o OjI ^<3 

^£Jj iolij^l oJla J^t>- p-LoJl ji-Jl 

JliUJl ^^1*3 Jl t^Jij ^y3 M-l 3 ^jJl Jb*j| 

^ yj l a * 1 ^ $ jJj>u ^^lS\ A ^ X *■» ■» l l ^|wk3 a ol * -<fc ll ^ — *j>tl^jii o j_*_3 Coils' 0| 

p & 

jyA lZ*> 1 j-A 1 (_]>A x .Qi j t . i 1 1a ^j) ^ pm , 3 c L^o^j oIpL- 

. mJuo IS o jl^lll o ^13 <J^^" ^yi 1^-1 (Ji-^ 0 

^Jl>til dtl ^ ^ a/2 A ll M-J^llj^l ^a3iAj j j*/3 l l O -0 

«/ ^ (, 
<»J| Ai^Jaj! ^Ijjit^il JLkls^l 015' 0^ ^U-Aj 0jjAs>*-*3\ jiOl jl 

c_Jjj ojJi Lj ^J‘^L cJjk ^ ,0L>*>»«-!l-i 

ijj-lljJ 0 }j a5t -/g-o il (J-®-* 1 ola^l f-Ul jjjs ^lilj 

. 4j j_lJ| oL>c*aaJI ^ la.« I <515 0 j50 45iij| ^3 ^iJ 0.2 i j 
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Lo C-JiJ jl jZb I 0jJL3 ^0 jS'tlJl 

oJLqJj jL$i!I ^ oLpL-- ^jLqj o ^iiJ *L«Jl OJUij oL-«Jl ^y> 

^jjo j ,SJL«Jl*-oJl 4 _jjJl-jJ| a*- */> + \\ CM^dLxJLo ^L1 4 _j^\_j 

bj^i LoJLip ^3Ll>bJI ^j. ■>/?.& a_jL$J ^3 IJla *1 

Jbu |,>Jj>t-a *jJ\ ^|a3j li?j! ^3 ^3 ^>eJ| *LqJ| 

4_JLSLo| ^jja JLS'llU ^3 j_>tJ| p-LgJl jJLox^a ^Ll 4 j^\j j| ( *^o^j 

L$ J-s^J pj liU .JjVl f^-Jl ^3 JjLJI 4-pLijjl 

.cjLlj mJI^- ^3 ^jSUl jJL^Jl ol IiAa *L*JI 

jAs>z}\ jl y+5\j 01 ^-vaJl f*| y>-\ JLIp 

JLqJ^I 01 1*1^3 jLii^Vl IJla liU .oLL*- aJIj- ^3 

. J-oJL>^ ^p jl JJLi ^pLipVl ^IjLp^Lu-VI 0 ^13 J 1 !^ jL Jl ciU^ 

JJUL^^Jl 4_?-l j j^oVLi IS^j 

. l^fiJuj 4P 4 >c~sAqJ! jIjJuI 


ji-Jl oLJL»-p <J y>- j\ j-5Jl iLixJl J-ij J LuLgJl ^j-o 

kilJi pJuj «^Jl ^ ^L«Jl <J^J*-jJ ^lp*ifl Jb>Jl <_) JLm^o (j3Jb 01 4 LjJb 

p-LgJl ^UjjI jlJLLo <das^Loj <>c-^LoJl oULj jl-Jl £j y\ <J^s»- ^y» 
^L>cj)/ oL-Li!l < j^o ^j_p p- 1 JLuLgJl ( j-«J ,4JLjj^o 0 ^13 

<J j-^jj *L«J| ^0l M-aJLii^-oJl oVjb«-Jl 

0.5 aJ jJ 0 ^IaJI JLloJl 4_iJLl>B^o oLpUjjI 

• (5 y <¥ J r* 

^LJl (_g j" .-j ^ ii jx-» <J^j- ^y>j 

juuA I^Ld . A «4 . o 4 * *g J 0 jp<& (J^^“ ^xaJI (_jJL!| e-Ul -i ^ t_^l ***'>■ 

0 ^liil iliij ^ 0Li^»«-!l J^L*>= ls^ 


jj-jj (j ij-iil j LsJi-i-t 1 (_$ j~ .~< D|j 1 11* 
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P'LoJl 

4-kJ9-Llj| (jli i 4_JlP j Lo ^s^sl J jjlJl I JlA Oj-^J LoJllP 4_P j-m 

0^ 0^ 4-aa£ jl 4$b>- ^ixil C) j-^J LokilP IaLsAsI ^1aJ| 

oiijVl JS' ^3 *Ul ^lp ^ |Jj>- ^uid (JjjCoJl I JlA 

j* ^ >nlJ 1^ ■i.wtf^ jJL*Jl ^9 <Jj->*Jl <jl JLjJLIP cjLj_lil <J^L^ 

* 

.4 -lS ^ 1*3 ,5 ^- jjQ jA U-o ( *UJ| ^ 


^j-a oLj jJL*Jl { j_>t*£ oLt^ oV-bca d* *■>.»>- ISli 

^1* JS' ^9 (l)jjr>*-o-!l P-LoJl <i j*Ji ^jJj i ^£-J| ^3 *LqJ| 

* 

li£»ja 0 * *L«Jl Loi £_* ^iJl 

IjlSLaj >L# Ja_«J jl (_gj. 1 2* i*L»i (ULJl ijjl^o# 

yJi ^ jl t oLl a il a Ji_A A ■> *" .*\ ^ jJ t LljL^jLj 

cjI j-ii 4 _sLjL»- ^J-p jl a ./a ! I j-a-p- 4-JJ J jJl i— ^>"1 jJl 

.iiLlpVl 


jL^»Jl cJ'idjui ^Li — 2.6.3 

^jja pLqJI <Jji_*-a ^xLjiJ 4 jlLl>^oj a^d xd-Q {3 j-^ cLULLA 

a J.x./a\ I (Jj|jL»«Jl 4 .... ' . 1 Li ,oU. .<3 *. j| ^y> jl j^l ./a n ll 

jl <-J (J^p- ^y 1 43^UpJj JLmU Lli^js a-LkJl 4^o~pc~oJl 

cJLA < yj0 4jl_J^J>e_i| jiJ_X^0 1 . 9 djd^fi 1 ^ A I j ■ P ^j « ' j * 

JL.JI f-Ul (_5 ^1— j ^ ^ ) j ^ .ApLuiij jJj ^|jL>bI^iflj c,..lijS/i 

i ya <^>iLL«Jl oNj-x-aJl jli i jLlj-Vl <J^lj- I J a I*~.a 

f’LaJl J-lA (j^J Jijlil jljia 

jljj>Jl J_L« jli jJl jl ^ . /j >il ^ 

j j-> t ~ i JL51 f-LJl jLi^j*- l y/> jJj! IJLa 

.iLjlJl 
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(Discharge Rates) jJjllJI UaJ 

^Lj ^ 43 Vl <jL$-j ^j-o jiJLiil ^JLp I^UjlpI ^JLiJI 

jl 4 _*j J j|j>*j| ^ 4 -flj ^laJl oJLa 3 L*IpI ( j£+jj .JiJsJl 

^USjl jl 4-taLx>o ^JL>cJLw*Jj iJlA ^-*0 ^Uaj ^jj» ^jiJLljl ^kLJSJ 

v JlSCj ' \^a ^J_P oLa ^JLjco J i oJlA jhjZjj .^iJuJl 4 -JjJL?- 

. Technical Brief 27 in Pickford (1991) i^hS' L$i*~v 2 j <Lsc>- 

td)Li^>*-!l ajuj^uj ilj SL Lol 

OiU 1 i J ( t “ ■ ^ n j \ JLmJI 4_$3 c J 4^i ^ . 1 1 ** ' * '• ■ ^ 

<— 90 4jjI^j C~ij jl t4jjJL»tj^lj v <_S J>r!i\ 

l j-a (JjJLlJl Jj _*3 (Pickford 1991) ijjJSL-i l j 1 * j 4 -j.xj*- y> 

* 

^jA (^£<^1 P’i-^Jl (3^^’ £j***il 


^j-9^ 300) o^aSIII 

4-L>JaA-Jl 4 P ^a-J| dUSj m 3 /s oJb*“jj 4 -laJ^5j oj j-m 2 j (^Ji Vl ^5 

j .(m 2 JL) j*5\ ^LaJI oLp-L^o ^ I^j j+ 0 j (m/s JL) 

£_laJL*Jl 4_?~L ^ja <-«-a3 .>L>c-jJ . 0.85 J 0.6 4 j-jJ Al-fl-J £-jl ^I j 

c£*“^ CO <J^^- jj- 0 

LajIjULo iiLwo ^LaJ (JLloJl J-ja*-- L J^ J-olSJL jjjujla 


. V — D/T ! aJUI itaLcJl ^ja 4p^*J 1 ^j-kfLSjj .(D) 
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o\ J oil £ 

p)J) cM) 




V L$Jl p-UJl JsL-jJI clJL£ L*^q 

£c-JUaj J 4-oJaILa obJ Lo a£ j>*Zjx 9>\j3*-\ ^JlP ^ Ol Jb 

l j* Oii 


jJjLo jJI oJlA £yi LL**j (_^l jl I -^u ^JU> tklUJL! 

^.1 ./?"ll JU-pL ^LJLlI iLLSLoJ o i x> ,/j I 4 ^iLj oLI JL stij Lo 

L J J ^ . 9 .S ^ ***l >l Ljjl J ^ rtll ; J 1.^ AAM^j ) 

i ^JUaJl * c Lfr«Ja*-o jl Vj t *LJl £9 4 jlL>*>o ,J5l ji j£j 

• A*JLj| l_^Lu-u^J ll.^j 0 j . » l/o 1 i jiUaJJ 4 -aj^Lo .** 

.iJlp cjLpUjjI o-LjJI ^ M • 

.lij o-LJl ( j£u yu • 
,*yLJLLj j £LLl aILaL • 

.-..9 (JSl^iail ^A <JJl^i»Jl 0 Lo Lilpj 

^1 ^«Ji oJlA J .^1 1^-oJl ^>0 LJl>*^ 0 £-ll*J| L^>cJL^JJ 

0,b>[| ^*^0 J-JL5UI j A-p|j_la^o <1) j_£j LjLjJ^I 

^ip 4-*J ^0 Lu>i I <j5| ^]aJ| ^Jlull ^G */2 ) $ • I 

Jpl jiaJl oj_A ^1 4-ojs-^v? JLoJLajj .^uiKJlj JLJLxlJl J_pL/ 2 -lil 
A-o. laAl-o.il iib)[| obLoJLp'y 1 ji Jj j 4-Jbt*Jl cjj jiail ^1 p 

. ^aS\1 ^ aa *>^ ii 4_p l» 3 ^ ^5 Loy^^f Lj i I 


^|jL>ti*oi»l 4 -JL^oJ LaSL^jI j-!l oljl jJiS\ J^ljl ^ 
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. Lo 4_Jl j ^IJL?«2LuiiL jl f-Ul ^y3 4. 1 . A« il 4 j^JLJ| fljJLdil 

0 j^a[^A fUl l S*T^A l - 1 ls?l LoJjP J^J>dU 4*~-ll*0 (J j£j JL3 4.1, | A«ii 0 yS \ j 

4 i i . M 1 ^ •: ... » il {> j-Aj LoJJLP j! .*>\JLo jJlJLS" i j. 1 ./» - ll /^o 
»* * 

^1 t \ jl <!j 4 UJI ^yS> i JLla^j LsJiPj 4 j^Sj 

SjJjiJl jl t (Jjj jJl jl 1 oj-Ai SjJLa]| ^>0 (_J ji-1 £-j ^j| 


hjjJ\ # Ui Juki _ 2.4 

S-V-Ul ^1. >*>«* ■ «iL AjjAJI JjL-a jJl — 1.2.4 

jJSl Jiai\ k,»;l ^0 *MjJl JU 

(Roller Bar) 4j - 1 . . ..A i ^iJLi^nl ^J-sAjijj .*L«Jl ^ 4 jjJlJ| 

jl t(35 S^SLij t. (34 J^LiJl) ^iJl h>^i ^ 0 j£- JH*j 

^*.^7 .(37 ^J^lJl) - ill _ £-U y> j! t (36 cJjaLi 

4 jJjJl jJ jJLjJl 4Jb tj_3 ^i_P ^JL»eJLk**-oJl *Ll>e_jI ^JlP JJL- jJ| oJL* 
I3J ^iJ| cL>0 lZj jJu ^]a^- ^iL^Vlj 

^S(jj (_^ jl ^>J 4ill^ : .-» i l 

^JP jUap-Sfl Qjo 4 hi ^JLSl (1) l*AA 

. Jaai 4 i.5LJ| jjjIjcoj *lj^l 

^ jJl SjLij ^ JLp1 .^..« iAvaJl islalL! £* u .r! .iLfcipl Jjkj J 

^. “ 1 ..«j tjjiLlJlj «j-jj 

. 2^1 I 4.1.tt P jA O^Lp ^JljJl oi «a. I 

\ij^A \a../2 I jJa (39j 38 

.jjisn Jl j ^ 4jo|jj»tl^l J^4^d eULSij 4JJpli L..^i ^L«_*aj 

> 

4jj^>d]| .LLs^o 4o -.L/37 j 4jilJL>^j 4-JIS0j| !?«■>■» Jl -U^aj 

4 60 ^ 2Ly» «<k )l ^tJLP Jj y LoJIaP ^ . - -■ -** 1^ - & ^aP 4jIj C1aI<jI 

4 f. 

• I jJ* 15 LoJLlP 
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iU- JL«J1 iiU^I 

( j-~ 4 jJj JlTvJI jh.irtill 



jLJ^I IjAj jlJU ^Jl oUwl^JI - 2.2.4 

1.2.4 Sj^S^JLgJl SbSfl 

*. .,<a 7 l— m2_j 1 .<LjjJsJl jl <wAj^J| ^_S o j_9jJ L*J l 

Jgl la -» H jl tt^JL>Jl5' LJL>t>» o j3 jJLo AjjJlJI oUr ■,/» a 11 

{j* j t (a_JJ>-IwL1I jIJI jl ol^S” ^Jl {ja J i * /o 

^1 c J-->eJ J jJjJI JjLurf^-LI Oj . 

<L-jL^o| ji y l ^ \a o ^-JLS" JLjI ji c Li^o 4 » 1 -,/o .q . ll C^L>r ll 

.^Ul ^<» jcJUalj Ijpoli ^ ^tj-s^lllj 4 jL^1| 

• L® JjLutf^Jl o 1£j\~*a {jAJ 
^ja ^wLp L^«a>cJl^u aJIiloJI 4>-^wLll o^.aa*J L^j I # 

* . j A 1 ^ A I | 

6 •• 




. jJ jJ' alia'. jXj 

. WF.DC : ^UaJl 


: 35 JSCiJI 


• *L«Jl ^ • 

.^^iiii ^\ f-i^Ji jxj ji # 

^jl>- J^ljco ^5 At t'../3j g Aj jJu oUu, Oj» ^ Jl>cl— J (. Ulo-Pj 

^JLSl o j-A (j L® ULp^ ^>-1 ^3 UL^-I j t ^jL^-wmJI 

^^A l$l£J J (. £«»/a ll <A^XU0 Ol>^»l' {jA j£\ L^JLp J J-*-U <jll* 

o j^A AjLws^J! * 1 . ^.1-/^ ij A-^Jall^o AjL^^ ^jj_ 

^-wwaJl 'Jba .1* Ji <Li 3 jLf® Jl AiU^Vlj 4-s^U- ol j^l Jl 
^JJjj j\ ^3j v— .Halo (44 JiwJl) t (JlJLoJl ^ lP t Apx-s^-oJJ ^^Li-tfll! 
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-a |Aa */2 4. J| 

.<uil? ^Jl oVlS” jJl (JVb- 


^ - 4 
aUajL* i*^iJl (_Jj| _ 5 

iJjjj./i-A] oU j l\,/)\\ iiliij ^ 1 p iajlp- _ 6 



oIaJjoj £ti jA 

.Morgan (1990) : jX *euS\ 


:37 JSU1I 


J> 4j jJlJl ^3.^.1! 

j oUbsO< 4 jjJlJ| ol> «/a.»J| ^ la^o d)J 

J-^-b oLoLw? ( j^>VjL^j\j ^LajjI |j_j_4 

oJ_fc ^-3 ^*^-£-*-11 £jJ_> .(_£ J_?-Vl oL«L<W2J 5 ^jJ_ 4 4-Jlj la *a)| 

« 4->t */2 ■» ll ^3 4_b*J Js>^J J^« ■>■> «4*3 4 la «*||^J C^l>r «/fl.».ll 

<Ju*Jl obV (Crankshaft) Ji j^Jl ^ y*s> ^ jLt> j*lJL^Lw-l 

cJl^l i£*J 4li*j .(Ji-Vl Jlj JUVl Jl ^^>JI) 

tolbl ^3 Lg-lL^J p-Lww-J <lOJijlll «U*~^*J| Ol>tv2LoJl {jA oJ-woJU 
J5 4 xjLmJ| ^I^jjVI 4<w4»wmJ ^ . iil .-^>T ll ,5,J_P i»fJllbA « </? 

'•<Ji ^ J> 
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(^Ualol) Ol>Ls OA 


J£aJL j] (41 j£jJi) ^.Oi; 


jIS L )j£jj 


^ oLk-s^Jl cjLjlj_la_wol j .(42 J^LjlJI) jJL>«_II 

0 jSs-^3 4 -s^Lo JL*j L$j^ J oIp I ^tia^ ^ J"***" 0 

. jwL^Jl pLo ^ ^Lm^o ^3 4jI ^ ia_wo^l 

^Jl>o 4->r ll Aj|^Ja-w«<l ^3 di^>cj Lo«JJwP 

J! ^L^loI Jl cpjj c^j“ <yyr- £>y^ 

^iJb iLi>Jl ^ j .(Rising Main Pipe) ^^5 J\ Jl^td! c-j jS\ ^^LpI 

i-wu ^JlP yj-*Jl Ja-*-^Jl o jJL ^Jl *L*Jl 

oU^aJI oJlA jU t p-I^JI Jax^ JUIxj L$JVj >l5 jUI jJu^JI 

ISJ (3j-® Oc*-*u y« jJL5l *UJl ^5 jJ (1)1 ^JaJLw-J N 
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£-3 j ^ij-oJl jLS' tij L«>| 

^La 1000 j-*^ 1.1 jiJJL^j J JaJcsiiJl l)V ^JLL— * 

<wdJu U ti| 4 j! oU^Jl oJlA ^_a| ^a .Iplijjl 

^jjtlli l)j^Ij ^jJ_9 (41 JSIJLJI) 4—mjJj ^^>x_a j| 

J^>J ^-a ^l^alaMl 6-5 Jji {J'tt I <1)^3 tciUAS’ 



. oL 

. Morgan (1990) : jJUoJl 


:39 JO!l 



jJ c LwLo-p < 


^3^ »<>r ^J-3 11 ^JS*J j*lSo^ 

f-LoJl C^-j^-Lj f-LoJLj <LLal_*_*Jl *A_3 C->Vl->tJl ^j-a 
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*J^a- oJl iZJijj bli .ill jla.oVl _j>aSll 4 jL$J ^JJl 

^ ill jL.x'^l ^ c-Ul Jai. p»j tj J j-p- ^^L^lLoI ^Lo_sAj 
jl |^jL>tJl jlS^ lijj .Lp-L_/> ( J^_»JJ 5jj»Lp- 4j>t ll (1 ) j^l! ^LlII 
73 ^JLptJ La 4j| j L ...VI ^a eLaJl iwJ j^mIj * 5 J ... 9 lij^j .Pc^Jl 

■ 0 ^a ; ^ 3 (3^ a-LaJl 

<bw=L«Jl i— 43 jlj i_S 0-l^jJJ IjjL^o /*! . yp"jV I jl^ bjj 

olLyii i_y^ <iLaS!l .^3*1 opli^j jl c i jP 

( _ y Ip iilLaVl jjj j .New No. 6 U^a-* j Singur TLaJLiJl 

. SWS Rower iL^u j t Rower ij^iu : jjJj>Jl aJIJlpmJI ^l^fVl 


j-iLftJI JjLill oIpwli 


ftLaJl (_5 jJL-^0 C^ppj O LL .<3 <. j| oJLa ^3 7ll j L .. .VI «_i y» j^Sj 
j_$.> a ^LoJl (j - ft ! l j-2-dj (43 ^^jj-poJI 

>( _5 iax^gJl iL»ip\l 


(J-*^ ^y3 3 ! .A ^ : HJJ t 4 JL 1 XJ oLpr.ya.<-il oJLa ijjj N J 

olj_^i ^^Lpj s ji jjLc’ pLftJl jt ^.L?...* 

aJupJi ^ -a ! ,s>~\ \ j iJLft .Ijlft 12 ^a ^JSI oLp 0_*SL J KP^siftJl 
Lpi^j jl (Footvalve) ^ 1 a ... i l ft ./» 1 Sj ( j^SL«_1J 

^JabftJl oLpu^e ^ U« a LftS' jil j^Ljl (J^P- 

(_£^P*J ^ ; al .S>~.\\ Jjrfixj (_y*_J (j^J jL.^j *1 ^$JL ^iJLc *— ' I.lllt 

.LjJ_jp- (_^3j <— ^jljSfl oJl* Ji-b pLoJI 
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♦UJl 0 jj i * .. . ...» Vp jJLwj • 

i3j_i i— Jl *L_*_Jl • 



*Ul £^vOJ • 


^■■■CJI £-i Ju L.JlL£ 

j\ 

Vs • 

^...£»ll C— >«j law ..all 9 

Vp 

*Ul j** 9 
l«J lw) jLsiu *1^ 9 

U* y..^a» >i ^ 
plan,.* Jl>Jl j-* 

( j-SLJl JxiJl 



tTara JJlJLJI oliui. l5 JLp- aJlL»S|| j 

. AF 85 Nira j Maldaj 
<ul.».«ji jii*yi oiiMi 

^ * O ./? 1 d-4.i <Loi ^lj| A . ... . ^qj| A A *Jl j \ . ll Ar*- . si a 0 ji_X- Jl9 

ijljda^Vl oli ^ .x>../g:!l j-jj jl (44 Jl^JLJI) ^jlJlaj 

ix^« cJl5 li^i .(45 JSLiJl) (Open top - cylinder) A^iJl o- 

aLgJI Ig-ilSLoLj 4 AjjjjJl ^ww^l Aj 4~«-*J| ^£~Jl 

A-jL5 0 yk (JL«j»Jl ji) J^oljJl (JJL) UJUa AjLjJssl^ 
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^jA oJ-A £-llJl ^jA ^j-J-rfjJl ijlj L*J-P C 

.1 jia 45 «L»jj JUpI ^jA pLJI xij 



: iJbJI ol....*»i]l j <jJlJuc]I 4 - li* V LOM ^ .♦ ,s»> ♦ 

(priming) J^toU J*ait ^1^.1 ^lw» • 

ur <%)l JjLci p_*jl iil (jl jJl>- • 

J»lk* jJl*) <Jj>JI J Jl> *■! jXa^AJ pjli* • 

J jj>- <^Uo> ^51 ji ^l.l»»:.«L^) j*j Jl -LJl>- ‘W ^ : ..1 j j>mJ 1 jl> ..4 £_l*J ^JuoiL* .r. .-« • 

(jjl>^*Jl j.A l .-4 


it -LIa? 4j jJj ( J^4 4>*~k* 

. Pickford (1991) IjJUaJl 


:41 JSLiJt 


1^1 <uL*iaJl <Ukx!l \s>-yju> ij|jJa^>S/l j»-woL <aj jl Vl 

.» ^ 

• *1 «* a ■ l l 1^1 l 4 « ■ ***/ aj 1j J ... . a 

.JLpLoJI ^1 Jli-L»Jl Ljijl ^l<v.<ail 

ii^uJl jiJl ol>^a-<J 4jjLJil)l iiuLiJl iiiaS/l 
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iulll ( _ j Jp illoVl j . India Mark II i>j.xJl 

. Afridev oixvu j India Mark III iiwa^Jl 



! VLOM ol*~» ^jA Lt II 

^Ji3l j ^UaLt'ift ^Lw»j ( _ r -£*AJ J4 — J If) • 

«_~ulil ^jA ( J^jo oULwai' <Jt L^ pI jj! j<i») ^ • 


. ijJLJl ^y2xjl 

. Pickford (1991) : >L*J| 


: 42 J£a11 


^5 j+> J! JiJl oUfcs^a 

^ip) <>*-s^LoJl (_£ ^I***»« ^ 4jp^ 

LjL>-I oU>^aJI 0 j-A .(^j jl ^ 

AjjjJl ol^suJl Ji>J . (Force Pumps) ^ ^>Jl JijJl 

. A>T A 1 1 I J f-Ul C— J jamJ 4 a ^ A 1 i OwLA 4j^ I 1 
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ij' XjkA Cj* 

0 jit 

<lp JU h«> &*il 


3b**^f) li- 0 ~Jj iijb 

f fi -XpLydJl ■ »«> l jjl iJj*-t*J I 

y>Uasll 


s 






ia»-j t>j) ji » Ji iwJj iwijiij 

■ApUoJ) ^ ji-L%Jl (J-*-*i V 

( jjtoJl 

^■Udl (Jaj« ^ ~ 

j-lL^Jl Jjulil ob OjJ-Jl Oli. ,A 4 tl 

T J|| 

£ *ju\+a kjji JHHHRP** 

11* jjLkj . <i_. . .^k i !l> t\ j-jJL; ^\\ 

■ i^dJl JiiL 1 ipUaJl ii-Uil Ji-b ‘ _ > Stl 
J1 <£^1 i. j^l 

V r-^ i>* -H/ 1 Jl 

i-UbaJl Lf *-J jil ii-lj| Ji-b »-Ul ^ 

uUJJLi j ( ,UI .Jj> IjjLu< Uj>»>- dji 

*L»Jl ^b ^^Lp <ji . 4 « tl J.«-*j 
.(J i-.Vlj^D^I 

( j-^j -A*) 

(jpUJI ii-Lil LJ 


'M •‘iSjjs* £jl 

k_jLlij dji t— |J 

^i>Jl i ^JBl 



T iJjP- ^4-^ 

(IJjsLS J^aj) ^ 

- iJJj ili>- 
_ <L^j 

(<J jL> *L £-* iblp) 


£-• L«|) ApL /9 L f*~$ J 
' /'/'/'/ , £ *4d^-* SjL^J Slji* 

f-UJ ijjJ^ i_J jL» 0 ji 

(^1 *>LIS 


*Ul 



ij-r*^* ‘cr^* 

olki- Ul^Ij) ( _y^<LS’ ^lw>j 
( I yc»-J flw» 


llJlL*) *bf ( _ j Ia«« fU-,^ 

J^a- ^1 JjIS l )j£j 

C^pUaJ) jJ-J J^j| Ji-t*Jl 


olS . 

. Pickford (1991) : j±*xJ\ 


:43 JSiill 
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» » i Ijl-JI ^ j ~jLi jj-Lp 1 •/* * i l 

.(41 JSLiJl) 0.1.18:11 ,^-Jl 

»jl 4- . A 4 ^A . i 

jl) 4- U JU> £• I 
t India MK II J US' 


jjPLj £. ( r l 



'. Jil jU«l Jl*U> ^.i.m tj Jl>-L< 

IjwL-LSj . lol .,^11 Ai-tJl - ■ •*'" 

jliul oli j J- J J->mJl ^V-* l_. ■ ,U 

5JUUJI ol . ,/ia\\j i_^jUHfl 
J^LL* kiJUASj (I) l) 1 ; (J-sfli 
(^) i-— j-juSfi 

.(^) aii^k-Sli 
UU«Jl flJL* 

ciUJU jJ_s ejj j oljal 

t4jLiJ>- uf i*J 

!■> <irtl I pLUl ^v* ijljjj»»Jl 

jI j*-tU 

^L_LilJ J>- 4_J J_L« 4-dJ_>u JjJ_« 
4^L>LU* <iU- ^^SUjj . odj al ^%J| 

flj_» ‘o’ rings ^>»Jl 

.(*UJI ( _jlp’ <>• /* £■ J^LUl 



. 4jJiAj ^-> r ■ ,f3 O 1 ^^ U rU <» » » ./Jill 

. Pickford ( 1991 ) ! jJUa»JI 


: 44 J£ill 
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: ft 



: JupUoJI JbtLjl viU J UljJ 

OTC olk^, ^ <*-U- dUli* 
2JLiU <-*— L<i— u< a3jJ » il 

di-L%Jl Jl^j jt J J-*j t £-1 <^u 

<Lil_laj jl i_j j-jS[ I kwiijLj pj L* -i e.1 ■/» il 
£-« -J jJl 0 *^Ls< 9 j-*J| U ,<j| jia^xSfl 

.*3 j g ...i <J j-UJl oli jill 

o*>Lm9j 5JI jj L_« la|j 

^<jS/I jOj Ul^-I 1 A-^j 2 Lw<^LJ| 

l _ J SvJ iLjia 5 _LvpL viUjj kJu.ISCj 

^ 

.^toJl 


oUl j^JL tJU- iu*j| jL^I c;U^. ajjJ 

olj» ■/! » ll ai_A 1 j .(OTC) ( _yLpSfl i j-» <9-yJLA 
t^a (_») -Lpl_s<aJl JU-t-Jl J}U- (a) u ... < » l l j 

aJ-A ( j-a «jS/ 1 jJa_iJl 

la.—il I ^ji it oL>» •/* ♦ ll 

i . . ■ yt a l l t dlL •• 3 | ' ■ - **- ■ -* 

: jLsiSlI 

pi >■*,.»* U_j i i_J j-L* j j-i-i Pi . ■/* t ll i3*>Luil Jaj^J 

( _ f dlj (j) jL-si-S J_s«9LL* cjU . . a » 1 I ,j^ju 
. cjljal Jja {j* C^*^ 

»3l 

’■^TJ V ^U- 

^ ■ LL Jl ^1 » i /ill i)ljj OTC J J-yaiS/l ^*jli 

£-• L_aJ J— pL - < a - ! l .-Lj-t » ll (j) 

^ J-j ialiJl bJLp jl Slat jt t l l 

<Jlj| j_*_i ^L_ •>- 4 la .il^j jlpI_s<iJI -Lj-I » !l J_i-la 

-.r^ 1 


. 4 j j JL»J| jliVl 4->»- ./I r. 1 <>- spJLA AjI j la ■ dS/ 1 |» « ft ./3 I 

. Pickford (1991) : >LhoJI 


:4S JS^iil 
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^Jl 2JL) a jIjuJI Lj jUI Jl {jA (_5 \j >- 1 ^1 jil 


pyJl ^ Ljj-Jl oU r . /a «. 1 1 01 jjJ p-* 1 J-!I (j-l-C’ 

t I jLjo j-L^I 0^ *bf) <sajzl\ ^ - .; < .» S I 

* pUra^ll oJLA 

(Cylindrical Diaphragm LLl j L .-.Si I LaJ^JI L_L L «. II • 
Vergent j_a L-L_*i-«-Jl a -L a ^j-Lp ^_sLiJl JLi_«Jlj :Pump) 
JaJci^Jl j ^jlSJLj jlJu **-*/>* ^_aj c Hydropump 

J^LtJl) ^ylslia-o £jil! j^^-JjjaA -^-11 

jJLj ^JlJIj ol>ri^oJ| oJLfr ^jp jlJL jIjuJI j^iil L^ajl ji J-*-L5 *(46 
" j— ^ (^LJl ^^jOl l Lii-tSj C^awLoJI ^Lx-Ll 4 -> t ^ 1 LjJ L~ » 


India Mark II 

:(Progressive Cavity Pump) LjLj^oJI L.^n • 

OjljJ La*j jL« (Rotor) jljJ La*j|jj 4»*Lt-«-il 0 j-A ^ .Ul ^ y, 

( Jj-ta jl jjJl (JL*j .jlpLaII JllLJI ^ 4P yj> y> 

4AJ jhl J5LLo ^jlalLo ( *^5'Li A— s t .lei .yall j^Ljl ^ LI j la ■ aS/ I 
i>"J (j^LJl ^^ill y LS^" oij^ '^A^~ 

(Monolift Pump) ^ jJl L.>U4 LLOt-Jl JjJ j .JlpLaII LlLJI ^1 

£^l!l LS^ 


(Oscillating Water 4 _jjIjjl_a^I ^LoJl 3j-o^Jl 4-^- ^ * • 

* 

Pulsa -.7 j LLL) jj-Lj-a jl jj LLOj ^ j : Column Pump) 

LI jla.xl Ijllq^o U jjo LoL?-1 L j-ajI 4->t */3 * 11 oJla .Pump 

.*LJ| ^la am j-2*k*uo dA-p>tj 4_)l £t_ia_A-*Jl ^JLp 

4-Jalla* CjI t L$j JLpU ^ ^ ip 4 jjL»cJ| ^^LL-Jl AjIjJa^^Uj 

AjI J la.Ai Vl ^kx^oJl LoJllP L^JjjJLlA 

•JL-^I 
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f-LqJI ol ^JLoJu JLjJLxj IJLa ^ji 

<lXilS ^3j-J| i_J j^j\ fj/al a *ji) ^3J <*-i-L>«Jl 

i^-SJl Ui ^ ^-SUJl .(JL*Vl Jl p-LJl ^liJLJI 

^-LpI ^3 1 ^S J JLoJl *LdJ ^yljJl j^-sAJiil « *■*> > j 4 4j|^Ja-u»iVl 

41a_P CL3 jJl . c_J j_J Vl £-jL?- 0 L- 0 JI lJ 

JJlA ^Lo-v^Jl J*}\_?- ^o <j| j la^Sfl j*l p-LoJl ^ (j^-o-1 

* 0 

^Iip ^jlHJIj t^JUJLS^ j IjjJb ^^a^oJI 


: (Rope and Washer Pump) 4 _£LjJ| j J-j>J| 

4_P j-0 C^L5 \Jl 9 ■» >gj 4^9 C_*->c-k*0 4->r >o> 1 1 0 Jjb 

i^AA^-J . ^ y^wLuil^lj t_-* ^-*J I (_j^\^>- ^-qJLlaqO 4 .ft lg~ * a O-J L$ Lmo 4 ^ yljp 

J t 4*^1 jlj^J JaA3 L-u-lLo 0 LS^ ol^r A/g.O. il ^jA £^l!| IJLA c)J 

j_flj>«Jl j-i-j ol> */s * SI oJla ^ja Ij_pIjL5Lj j j]p 

^yA oi> ./»^\\ ^0 £jjJl Ijl* .O'yi ^.Hj j-*j t(47 

.1 jio 40 (3^ > *^*31 ^jLSjJl / jiJ 8 

a1^*j»i aa\*\ £A JgAAA^Jl ^ *+*/az]\ ^Llo A^LaJl j Ja^JI 


£jj\ iji* tjui\ ciU^&U - 3.4 

Ljj J_5vj j 4_iiJj£_S| A A. i*\ P Lj-Jl 0 Jl_A ^-c 

AjL/g^f L jA Lf^ilS' Oj <-o I ^31 SI ^3 ^jl>*Iaauo 

,^L| 4XaaaU jJ-AJ ^J|j ►I^Jl ij L, .- - -.— i jg <37 *^.Qi 1| I 

* * 

Ll— -Jj <ju*+0 0 L« ULp L^lSvIj LL>*>o iu| ^gly3.~ 

(—» ^oj»«1j o^S] I ^0 iilllj 
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A. V 






-LpJ>J| {y <j|^ia*-l 


l f*rj ^ flw>- 

jji Jaw-^aJl <ii! ^lL* 

xji 



>V' Ji UjjJi JT, 


C Jf j^3j jj-aJ-ij l *L« OLl») 

«» la ■ ll /<— «ljjJl ,_yi Ja_pL^ *-L* 

*-L*Jl \a« ./> j [ _ y 5 LJjj.l. I i l 


fjUaJLJ { jli. Ju 



JA-Vl 1-ljJJI 


. ^• > JLa3Li e Vergnet ^a* 

. WEDC : jJl*2*\\ 


:46 J&ill 







d Cr° <->r a/1 <■ Si jLli-l (J-Jj 

4jw%^ j - ^ ?**'* ^ 4^u* L^o l ^ 3 P d d ia *. « 1 1 i * 1 i i ‘ J j ^ 1 1 A n La" - j j j j 

(Jjj V ^jj ap <J j-*jo i^JUi <3^*^ 1 *^*U .*lj<«Jl ^ 

ojLtjLutfl ^yip <J J ■ *> • AjSlxJl <_£ _jl-j ^5 <Jlj / jLq 2.5 


jJ-sdiid (Camshaft) oli 3 jj>-p >1 ^- 

iajjjaj IJLa ,ij| j)a.*\ ^Jj-li (jj— J i .../3 j; 

4iLJi»Jl j .(40 jJ^lJl) ijjJlJl ^ 4 JL 0 J 1 ! iULfcd 

eUl £»j (j^-°-d >— 1 yy ijjJljJl Or .<9 a Si el ^g-!l 4 j jp>-Ll? Jaj^j Ji 

4j LaJLwn^lf I ,4_la-j_JLj ^tjj j_3 jJu Jl 4 -JL^l*J| oj_5J| a\q .*>\ j_j 

tiUj (ji V) l j 1 xw P jjj el j_g_!l 5J Jj-Lla JJLi JLLP <J^j3 ii y>^j 

•5ilS3l J) 


^ ^ f. 

JL?-I jj *>L« JL>tj0 I jjl ijj| j_$Jl -cit-siLoJl ^|j-e*JLu»l Jjujtj Lw=j 
4j?l_CLp~Vl CjIjiSlI jSy ^JUalil y~ 

.l^.lp jjjJLo 


4-JUI SlUl S ^aJJ oU^ll _ 4.4 

j! JgLw 4jr d ^ J_>r 3 ... 7 . "-ll *>. .d « 1 1 yj| |jj> ^-3 

iiLL. j *'.'.- 7 (48 J^LlJl) (Hydraulic Ram Pump) iL-SLJ jjJL^a 

10 ^J| 1 1^9 ^3 JIpLmII 0 j * - xx ? uLmaJ ol.^Sl / yQ J ' jfecd' J? y t * 

J.A ,y3 <t il ^0 eLoJl (_£ J-^HJ oLpLiJj*if Cj 4JL«J| 

^ v ai l JL*j eLeJl ^3 Juj l e . 9 j^S Jiai i-J ^Jj"-I.3 Ae^dLeJl 

ol •j -*-*# I c5^ 1 - J 

* m “ 

• JbJL>cJt 0 Lxls^aj ciijJLlj <■ Jaici^JL! 
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(^3 jl) .1 



<LoljL!l oLaJI ^ ia»ftl „<a<Jl ^3 J»L*-siaJl 7 ^ 0 - —^J 

,^-jUJl Jl t_j j^£ jl (Drive Pipe) j jjl 
(Hydraulic Ram) ^<aj ^ y4 i^-U ^ 

|jl_jJ ^U^Jl jlAJlj TcJLdl ' l g .. ...^ la » ,,|Q ol> j-« LajL>ci*~a *L«J| 

(3j—Jl > — (_^1 *-L«Jl ij-^ '— *■ j*~iJ .^l*. vail 

tj^>- e-Lodl ^5 Lgla J \**./i\\ S^Lj IjJlata 

Ji j-p J-a_*Jj ^j j-iril i_j j-Jl v,-oj (Delivery Valve) ^jjjkJl 


^ “U^ *4_ 


^jkj cjL»Jlvs a-j^—^a-^-lL <Ll_*aJU <Lj 1 j_a 


. «L> r ., ,0 A l l oJ_A 

j»l A .,<a ll J“iA->- ‘jA <c£)j t jv-1 ri_Jl ^-yj |jjk 

*a CaJ*c-J <L*J1>L« 4_laJLj ^^JL/aVl JjJu>«Jl ^1 4 ( _ s i“>LjNl 
^ j-^d -l^l-*-s^ <uli t d4» ..A A 11 

.^yil (_$jIaaa« j 


155 



pl^La 01 ^ |*P _^l ^^LpJ 

oi> *^9 -a 0 j_SCj j , <Juj_U o jJLflJ ^JL>cJLmJl) 4_LJL>q oLp 0 j_£o ^ L$J| 

<Jj|jb>«Jl ^jo p-LJi jJ <JLj>*JI ^ qJ^Jlo oLp J^Ljl-s^JI 

t sy^° <J-* <^| » 

,<JjJL>Jl 


aS j>- (Water Current Pumps) ^yUl jLsJl oi^« j 

4-kJ| ^yl| 4 J ? ^0 o^LjJI ^^9 P’LoJl 

(Rotodynamic Pump) ojl j3 jl id* y <L~~£>o 

jl j jj ^UaJ <J^L?- ^j-o jl tSj-J-L^o LoJ t(L<Lp*-*y L$_>- j-J- ^jLl-u«i) 

.Sj^ c*?t a^?I ol>^»ll oJla 01 oj 


jjJ jil jl ii iLuill - 5.4 


l$i\ _ 1.5.4 

vJ^Li^S' ^1| 4j>-L>til tj L oJLaP~ oilp 4-J^/ 1 iJU L>t-s^^ I ^JL^bILmJ 

jljjJl ^5LoLljjJl £jjJl oix^uJl oJlA . 0 L- 0 JI yo 0 jyS 

oli. .^a <■ SIS’ (_$ jJ-I £l jjl UL^yLi (Rotodynamic Pumps) 

.4lS jj| pUr^Sl J C^flJLdl«J| 4wijJ>dil OUtvio J 4-o^SOJi 

4>t-s^L«J| ^9 ^lj Lo yytj tjl V— O^-sA-oJl ^J»qP OP’L^ pl.»^al 

l OjllP’boJl 


,i^J j Ua^l i p-Uax]| (Jjbca • 

,4jjlla^ll olpLdjjVl p-LoJl • 

^Llaj ^9 p-LoJl jj y ixjLo-o ^^Ip i^-JLiiJl • 

p-j_>JI) Jj_^o cpJ-j cS^-^j P -*t- ■* * -J l-~jL;V| 

.(2.4.7 


156 



*LJ| j a ^ ^1 j a ^ i, . * < (j| 0 

^ * 1 A P (4 A ^ A ^) A>LAJ>e */3 1| 4 j>b </3 a li jLlj-l jU 4 4 -JlP 

.0 ^3»-J 0 jLp 

dUu La-^N AjjJlJI oUc y* a ll aJ Aj'LjCLlm ')! 1 j 
ijJjjloJl i_ijjj>«l!l jl t jlJaJl ^'bfjjJK Sjlji 

X j>- Jill; Lfiajj <y> j»-» jt 5 

ajjJlJI <j>w 2 -qJI ^1 ^3 Sjl^o aL>- j* Jl oJlaj . (Belt Drive) 

,^]| ^Uali -ULuj^ij lall 1 <>cJL^ d^ol^Lo 4 0 I^aaJI ^JlP j Lis' 

Sj^li ol l-j l - 1 4Jli y~\ m-^-Lj y» 

SdL^II ^«J oLoJl L° y jj ^1p 

oJifi : (Rotodynamic Pumps) a jl jJllI J-£~«li>Jl)l oUi^x*JI 

oi>^»il IfJ J*ju ^ydl <Ajj]ai\ oIjI jla^l CjL>t ./g aII 

il^>**JJ 4-JljjjJl 4S^>Jl J l^xdj .(40 ^ U^) 4 4jjJlJI 

. A a.\s A-^-JL^-j-o olj^l ^IJL>bJLu-Lj 4j22 jJ *S y>- jj_jj_*J| j\ 

.4-SUl jtllJl ^ ^1 I ^ip ojili pUr^ll oJLaj 

; (Reciprocating Piston Pumps) haz yd I S-**~£JI 

^ydl 4-fij jiaJl Jaju* 4^^ w ^La oLj! j| la ■>**! pi> ya-A li oJL^Jj 

^ J j_>iJLj j .40 J^JLil <jjJlJI oUr ya a ll l $ a ■>/? j 
(Reciprocating) u « y aS y>- j] lS ^-oJL! 

qI^.^ 4^ oJlA ^ L<Jl3j Cj\ j*\ 

.4-uLJ| oLwoJl 3jl JA 

: (Progressive Cavity Pumps) £j#JJLl*JI 

AJLj ^J- a * 1 */? ^gllP ^yJLp *-**-> l ^ - rf ^> a oJLA ^ j 
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. I 152 j 151 4_jj J—Jl <_>r */a * ll 

. LJi3 1 j i Lp ^ryall j-s^Ip j 

0 Jl_* : (Diaphragm Pumps) oL*«_*du«Jl 

aj\j]o^uj\ ^t>&>- j\ (3j ^Ia?xIa>>L oU^-Ji 

^>“J. yP jl ^1 j-s<2_« £-« Ls^jl LgJ <_5^J C ^s^lH 

Jl y*J <J^JL aL ^ j t (Outlet Valve) 

Ol> 4^1^11 Lo-Uj ,pL*J| 

<wjLj1>cj ^3 <Loj^)Lo I.^.I.'xJj t oLwoJi J-u^>cJ ^3 <Lw3 jJl 

jLjVI oLwoJI ^1 j_>c_l^t ^-3 jl A-Lj>t «,<g 11 jLVl oL*-* 


olir */2 .<v ll oJu& l) 1 Ja->~V . jLl^ol <Lx^ju* qS> [ £4 * £■ AjJ_j V 
^J-^a.JLl.ll ^LlaJ i jjP> LoLoJ 
^3 Sjj^Jl«JI <Ljj jJl Vergnet aj>t ^ a 

, v bS3l IJla ^ 152j 151 ^ 



. oJubJl oUr.^»ll ^y> oLpjJ 
. Fraenkel (1997) : jJUo<Jl 


: 49 JCUI 
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jjJb- - 2.5.4 


<—*>***» ^jA ^UJl j JLsA o J ' (J^3 4&y0yd\ A^ ta/3^] \ 1 V 

jli>ol 3-4 ^151 *ilj jli«i i**~» ^o ^i5Sl pLoJI 

(Suction Limits) 0 /a » !l j jJ_p- j .sJLLJl ^1 

■ias-M) ^LajjNl oaLjj (_$Ji-!l (J j^jJl Lx./gll 4JLJL>J| 

IJLa 141 _j 140 j_yj ^/a SI oUt ./i a J j_p- oi a . 1 * ~ ! l 

,( v b£Jl 


dll fLJl < Sj iS {j* 

olp *LqJ| oLs^J t^jUi J y0 *\ ^$-!l fej** ^jr Jt-i 

P’LgJl Jg.i.L dUij 4^-vfitil J+/31& 

!jlj LoJLip *LoJL i — ’ j-^l Cy*J L^-Ijq 

ft ^Ijlp^I jl ^-p^.aJLj b 4lJLo-jJI oJLa 7 .j.* 4 >&jl1I 

p-LoJl 4-jiLS' 4 * ^ jA jj 4-JLoJtJl oJla c^JLlaijj . (Priming) 
by>- ^ .o S l ^ liJ .(-jjJ'i/l ^ *lj-f!l £***1 ^ £tj^ (Ji^^ 
Jj-J-0 ^y)) V kj J-° Oljj" jjj yP J-*-!l I j-(J *L« 

(Non - Return Foot ^-lj y* ,_yLL- ^Lw» OISLqIjj .Li«^_Jl 
J"- (50 JSLiJl) aIL^I ^ jl (_j jJ\ ( _ s Jlp c— 5 yi valve) 

JLd jlSLj! IjLA ^3 a \j g ■ ^ ^iS) . .. S I ^ ■ L c 

.L*v» lj»l 


^yl) C)L»-k <_sl5 {+>*>■ li ^U-kl i) j£ i <1)1 1 phj 

<3»-jJiJl vlll") (1)15 I)) al ^ .s>\\ I JL* (l)l^>olj^ . j^S" I )j^ < j ^S ll 

(^..>^J C 4J23 Jj Jbu Lo Ct-5^ji A^s*oJl ^y3 pLqJIj kalocJ (jl ^0 


^yl) ^ y ( J « ^ ) 


(l)Li ; g-l j-jJJ .)»' .« j - a -£- a 11 (_j_j-J1 1)1 1 ^4 

.Se ^i5 jjp L«J j jl (. I JbT ^ (j y* 
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Ul jl ilfjLL* J>\ jjy Oj^i 

k_^jjL <J y* i* jk Jl jJ>-Ju 

»UL <L>L>w4 L*j|j o^U-JlJI 


L*JU J3) 


(^kjA jS- 


lls!^ 


C4KiSKSC4 


- Jl»Ol k_J 4*jl 




* L 5 * ^ — ^ C*>« J oJLili — 

. WEDC : j-UaJj H ■ ■ 

JJ^I Cj U^saJI JSUp j^Uxfl _ 3.5.4 

jl <31 Lo| <LJVl oUt «,<g o. 1| 

cdjjjJL <oIp JAZj* J-ilJLjj . <LjL^-S' Cj\ jy 

.UL>-! (1)1 

Sjl S^L p ^^Jli-ljJt (31 op-LlS' jjLiJ 


<_3 1 la ll_) 






4 J 4aaa^a1J| 43LLJI ( j^> j\ i 0 jJ yA ye jl ( 

4a 5L*£)I oljjj^-oJl g-llp*j ''bfj IJLa . -^jllaJ j3 jj ^IjJl <^uj\ y 

t dU JJ .<J^jjJi ye 4a3 y y°J OF-LdS^ ^iSl ^yAj 0 \ jj*l**Ji 4jLaa^ 

* 

.U-ba 0 4*lal jjiili ^jLi ^£) l Oj^j aJL^ulo ^^3 

4-Jlp JjjJI y 4)1 4aaJ?1JJ| 4ajL) ^| ol>w 2 -<jJl 4)L54e L 

ojjJt>«-oJ| jLNl f-LaJ 1 LjL^-I ^JL>*IaaJj 4JL)l*Jl 4*lyali ^Ij-oJl y> 

^lp 4-oUbJl oUr */3.o. ll ( j?[*oZjo\ Jl?*- ^P 1-o.P Lj J-J 

0 J_& JjlJLj 4)1 4^o^d-*JLj ^JJLjilJLj ^Ifl ■>** 

^JLp { 1 lfl I yi 50) 4_A_i?|^ 4 * la I yi ^JLp 4^t~*_l? l_*_I I vJ^L>r. */3 ,»Jl 

.(JbJl 

yij oljjjj-^Jlj olS^>t*Jl yj (aJuL^JI) v_i-J y}\ a}j\j>*j» 4)J 

4-o^a ^A LjJLu ojJJlSl JJil] of- jjLS^ j]fi yj oi>^,»ll 

olj^jj-«Jl /oIS^*-qJ| 01 J-saaj tdUJi! .^ r ^:^>U LfS' 

4/° (^ ase pl a t^) £« 

,yi«:ii i*i)u* 

4-LoL*J| oi> A^g. Ilj 4*511*] j3 y ^iil ^*1 jit ^3 d*. d> cJi jjla*Ii 4)^ 

4 _oLoJLpI y£\j 4 4 di£ JSI dJiL jsl jlaJl oJLa 4)1 4 ***^*iJl 43 lla]L 

.^IJL^sJLw-Vl 4 -LJl3 JI^j N dJlS' 4 )[j La j-»P 4 *^x_*£j (4-3 y yo) 

y}\ 4aaJ?IjJ| oJbliil oUw^JJ 4 j.jJcqJ| ^-\ jJVl y* LoIwL>cIaaiI ^sLiJl j 
^a <ajL^_ 54!| ob jiUl osbj 4)1 c4JLi?lj ^|aj*lJLj 4_<ii^j 

.4dlS' j&\j 4 a/3 */2>*ZLqS\ 4-q-^-oJ| 


aj^i u*ft\ aj^- - 4 . 5.4 

4 ^ 0 b | 4 _<jJl54j 4jjLLo 4jL15^j 4j y*-*0 y£\ 4-jT 4_>*a^o 4^o|^J Jjc! 

lij ^liai!l IJla Ji>o jLi^I ^jli V 4)1 <~y>H idUJL! ,4 jjJU 


•4Iaj y/2A J-ol yP> 0^3 y 
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* 

L Oj-£-j ijijJlj t J-LLuJl ^ya-^j ^ij 

L$-JlP J-gJL*j N 4j*-L-gJl I ^|*^g 9 <J^L>- 

ji jj ^JL*J jl i (4-gJi_Il-gJl CjLp jJaJiJlj <JaJj-flJl oLj d^->- ^ya) 
Jjc*I**u A^oJajVi oJlA Jl ^yJtJ Lo t ^JLs^lil J M-oL^U oJL>cJl OljLf-Jl 
^1 p IjjlS ^LgJl Jjygjl Oj^l 01 L/ijI .4-gJ^Lo LajLipI 

.^llalJl dllJlS Ax>ey>t*^lJl 0 jliJl Ajylia^Jl Sy9yJl 

^y*Lt^i| ^yl-P L&y LjL^-l ^-a-J <jl ^ I <J->cJLi^i I ^ijJ ^ ^ ■» l l ^yfl 

>A 1 1 t. * 1 ^ 1 K- a!' j*al_P ^*yi LJLlXamJ^ LSLj ISL>o 43 j \ jSlji L^jI 
If) A-gJ^LgJl 4 a1?LIs^VI Olj^Vl P’1 yu*» ^y* ^y^LgJu d» * > cJ l ^y5vL^JLkAi-gJ I 
dUu LfcJLp JLgJLxjj 4 -qJ^Lo oi> */2 A j3 Jj JLlPj ,4 j>-L>*J| JLlP 

iJlAj .cjjyJOO 1/3-0 ^|a 3 ^y0 4 _*l1v2^0 L^J <aaaa» ft\ jj!m f^/2-A J t A^ial-gJl 

. 4j>r *^3 ■».! \ jJ JU ^y]| olj yJ ydly vJ^lS' y>s-gJ| ^lp Ldj| (jyialj 

Lo <jo|,>Vl fjJO ^yJLp-IdJl jl jl5*-' S i I old y>*-* g-Llj**J 

01 p-g-gJi £jA 4 AaJLp ,4ajD|j AjJyflJl ^ylsL-gJl 4Jll£j| daJbL L(Lc>cJ 

^y^l yP^ .SyJilil ^y« Lo ^g^>- ^yl-P ^ «*<M-gi ll <PygJ>t^ 

t P'1 y_$Jl oL>*_*iyj0 J|j_iJ oJl_A ^yg-s^J Ljj c^job^flj J-j_i_JLlil 

4-gJilLgJl oLoJl>J| AiUd^fL l iwfiilJl <*Jy- \j 4C-U^Jlj 

4 + ^ ■» / j» y^AAAi ^yO JbJL>cJ jS" jy5 C-JlLiIjJ Lgd . oL>r A 1 */3~A\ J 

p * 

^y^uu»» ^]y°J ^ LjJ^-J-sAJ < ^P ''i 0 Oy^dx ^y-°J A^s^-gJl 

,4yLy^^]| 0 y-flil jl £ j & jJL 

ULaj o^Ip L$Jl£J j t jys?L>- jAva^tlS' iliJl oJlA jJLj JL3 

,^JL*Jl ^ygJ?- ^3 oLgJl ^3 (JliapVl ^ywtS^I y ^J 
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_ 1.5 

* 

. ^jL*JI ^jj>JLj ^ jb o^^-j vJiJi-iA t Lo^-o^p 

OU 0^-j-*£-Jl ^J->*->*Jlj 4<JjVl £^jJl 

jjL^u ^lll o j*n*/a\\ jUa^oVl oLuo oLj!^- jl OjJLmJIj 4*j>®-saJI 
* 

0 y>- 1 LuUj .4 '. ... 11 ( yj i_sLi»Jl J j.ya i Jbts- *L*J| If I*. { a 
J“)li- jl t4-j J : ... 1 1 I JLlaJl ajji Ol j-li Lj-S^ i ~ .vV aL_»Jl 

^ Jii jUajo^fl aLa Ojs- 4 j*-L»«JI OJ 

aL_«J| Ojj- J-Sl j-* * j il 9 ^jj_«Jl Ja_L^ij . 2.3.3 j 2.3 

gj ..»> ril oLaJI 0j^“ ./> .d)Ljjj»tJl 4i.L i Jj|jj>«Jl 

.3.6 *y>J\ J>^\ y> JSj aij 


i^S 4 V^^JLl]| ^jja MjiJmJI a Lj J jUJl i,-. P ^Luw^oJi 4 jL*j>- 

\ aJUI ( j/>\ ojLiLl 


.^^a3l Ji-ta oU ^JLoJLl aJLoI>JI ^-Ij^JI J cJL5j[ • 

.y^iJl JJ& • 

,i^JL>Ja]| j O llJ- V I j-«J ^jJLflj # 

.oIjI ol J jio oL5j| • 
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4 4_£j jJu 4J2j j la i 0 \y>J\ ye P-L«Ji t* 

V-J J_jJl 4-* J_ 9 <J j->- JJLjl-qJI jl ^i»Lo-5J| £_*, 4>J 

^^LJI <J j-pO ^LoJ Olj->«-!i L$lj <■ j */a* Si 

ye l ^ xU I I^JLjtJ <^jLaJ| oL-oJi <wflJ ^ygJ ^ylp i^JLlaljj .<1^-1^ 

J-Qp jl 4 j-*-J|j ol Ufc J^*£j o iJjj ^ 

•J^ ^ C5^ 

oLjo LjJl ^JLp 4->- j i a .» !l olJlj-?*Jl < j->» oLa-«JI 4_LoLx-a c_^>s_j 

( J^3 4>cJUuo J3 L^jIj i 

ijJUJl _ 2.5 

^j | y Juu* p-LLu 4-JjJLo 4 _<i1SCj ^j>cj>cJ| o oL*P jJL^a *ll> 

^ ^ ^ 4 ^ 

.Li>J LjLo jl jl olj) ^ ^>t>o y*j 


ISJ VojjJa>Jl oJUJL£ A-ul^l]| ^jJL-Jl 0 j £ J J-3 
* 

oLw^Jl ye 4 JL) La l -j l - -o - ^ 4_JlP - ■ -■ a ^*p *Ui { _y ^ ^ 

* 

Ufc j) * 4 S 1 oLp j) Si ^3 Jl 5 . A Si ]| 

MiL^VLi (Lj^LJl jL!Lij|j <JLSijI ^Ja^- JLi^j ^jL£i! 

0 * yj ^i3jU-M^ <_^I 

oljljiJl l yuu j _jSoS j .(Guineaworm Disease) 5 j j* 
^^lallj Lo jLp jju» LjJ^j j (Jj|jb>- { jp jIxj */a’> JJLP 

LfI>cJ jV IJLjI ^ ^-1 oLjlj^j .^1 jl 4lw- 

^Jp ^U^bJl 0 ^LA^Jl OljL-jJl I j\ 4_*-flL—«Jl oJuJui 

IJLa .JLmaJI p>LlJ lala>tLjo (jpb ^4»‘l : ^ A i 4 j L aJLux'y I c-Aj>tj c 4 _JlP 

, dojis' ^ y> r a/3 i l 4j Lt-W^>«J I ^0 hA^Mtil P<ilj ^%SCq J 1 ^ 

4_a_jIjJ ijj-u- ^J-P ^jJblj -1 cSjUL^? J M LojLIPj 

C-JLaj oj^j*uo ^ ^4_jL>- ^jJlP <j jJ>z-^> ^jJLu- jl 4 A- 4 / 5 ^jO 
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A ^ * c -i V'u j- (jljLut) t * 1 H* .pLaU JUSl^dl ^_£- { ^ ^ la ll ^ya y**£' 

jlj*J (Wedge - like) 

^S* yL~*ja j| t ^KJSj A-j 7r >3 ■ ^ l A g » ■ 

.(52 JSLiJl) vl?-lj (_ 5 a<5 , 1 jIp! J-a ^a 




yJ* 115 t l A » j -Si l yyJJ £j* X ... ) l £yA (j Lp J_) 4-AJ^ 

wLw-j (Sand Storage Dam) ( _ 5 Jl« jJl jj^Jl J^o La.* t ^_jbLSL!l Ul* 

. (Groundwater Dam) ij jj»Jl oLJl 


0}=^ (guV-* 9 oUI^jJ- _ 3.5 
^Ip Jj*-JU - 1.3.5 

oLwaJI ^g j* ,... A jji jl 1 1 jjL (_gj-L*Jl Lj_5-Ja_wu aL2j £-a Lj_J 

pI^j-V! ^ l g *. a £-IjJ| Aj^Ij Cj i Jij .AjjJuitA ilj^o ^a 1 <Lijj>«jl 
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o ~ fr ^jflj .4.3.5 t2.3.5 

^ f, 

^ ^3 Ljjj- 0 ^_5i-i^a t 0 U ^JL-m-il oJlA f'L*-*—) ^-3 

[+>\ US' j\ < J I jj>rJi Juuk*j 01 4j jiil oLSULi o jJU? 

jaS- 4jL/» LjJ JiJS t L$iSJ j .jL>Jl Uil ^ UjL *UJI ^^JLj 
4-l>b-s^ ojj-sAJJ U«la) *LoJl 4j>t-s^o 4^-UeJl ^A o^j^>cjo 
^-J^ ii (^-L*») £jJ . j OI^Jl £jU- 0 .0lj->«-!l ^ 
.013^1 sjpis ^0 v-j^siL ,>^>^«Ji jj/4 4^ii 

300 mm ^JjL V Uj 4-y ^y>sJl oU«Jl <jl^>" •wifl-g*' 

, 4-*Jj^ ja*.»il oUoJl <w— ’ j amJ jh>- i 

V U (Outlet Pipe) <~y y\ ^Lijjl Oj& jl *— US' 

A 

!jj jSJl ^yiji ^y^Jall J ji-i y lis A jJlpU (j 100 mm y Jjjj 

i— ^» cj j IJLa .(jljiijl _^*9 j_y«3aJlj ^Jall jl 4IP jjSUJl 

( 2^aj J jUL= ,»U .<a > ijjj jl ' 1 jUL Ol^iiJl JujJj 

Jj/il y&Y) 4j^L>J| JLLfi> OiU OJJ */g ) <jl^->®-il £-J j-A-> 0 1 ■» */g j 4_>*JL9 
oUillj *>Uii 0I^S*J| <y>J> 5-SUJ ^./3ii_ (jSUl li)j .(“jllj 1 1> 3.1a‘.:Sl 
jl ^J*>L« ( _ y >r U .< f.U 4 ^j »- y <jl_j iwi-jj ./g~ !l 

.(Soakaway jl i 1 ^JU 2 _^p-) j ^^^2 ) Ij 4 ijU 2 

(JjJLjuj jl.t a a oU y-^- a ^UsxJ UoLt a j j ./ 3 1 

^ yy- . ^ - ^ Al^Jl ^yd 2 Jlp-Ij 2 y 2.L‘"j i^Ju^ij . ; 3) t 2.1 . .^11 

. U^j I ^ - 1 • /V^l' <JU^1 L^JLp 

^luL^B^Lutfl J I (, 4. lj>- flJJ ./? I Q, S' 1 • 1 L * - 4 

U-aJj-I 1 3) u_jjJiajJl 

.^i-'ifl i_i.la'.7 U-J 

y (y _>Vl <i_jj) (_5j-l_*Jl (ji oU ^ ! l Oj-So ^ j 
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t oU 2 yjull ^3 lf£]j t4l£*Lo Oljp^Jl 

P'LoJl jP**s*A ^yA ^lp| L a >t ■» ) l ^>bJ| *Ul 0 \S 1,5^ Lo^uuil^f 

^Lp- <1) j^s***^ LJLp *L*J| jZ**** <1)15* lij ,<l)l^p*il ^3 

£*L**» jj*j VI j~£ JA 

j_A c_j jlla^jl <1 )^p*J| ^-ptp- Jj 4 L.> ■>.»«!' <j j 

^i\ JL>*Ji <jaVl jj J-ilJl JSI t j^°J .JL?*~lj ^ j-J J ■> ^ >b-j 

(<l)Ll^>*j|) ^->*3*- V— >L-*P- jJfc Al J^>eJ ^1 ^oJl 

kiUJbj ,4 _pL>» 24 ilJJLal ^yJL Pj AJLjJOQ 0 £jt>*Jlj Jj-Ijl!I 
^ j^j iSliA Otf lili jJl oLpL- JpL- JS ^3 ^ j>Jl <* 
u^ikJl <1 )J->bJU ^j,>VI jl>JI 0^3 (4^>>L>cJ| <lJLJ 4_j jj_>t-<jJl oL^Ji 
J-MjJl <l)l_jj_>*Jl ( y^u j^SSll <j <1 )j-£j it 

<«jL-j>*J| IjLj <1)1 *L jj *£ ^^jJb ^oVlj .g-jL>cJl <l)L^>cJl 
<j^° ^-«Aj>tiJl p-Laj jl 4-J ^ *. */» 1 d-3 j ^3 

•£j^' Jl £ 2 *^' 

^0 AjLloj 0 j3 ^JtSlj Salp v' J-L-*-** Vl oLjI^p*J| <1) j£j 

oLuo oCI Jp~ 4aa*jJLj .O^Ual*— oJl hj\ jIj 0 jl i*xSL«Jl olJlj>*Jl 

l^i <Lo|,>Vl oUl j^~\ «-L*J dUJLSj ^Aaaa/3 aII wUj Lg~o~JLxj 4-iJL]| 

.(5.3 *^>JI >J|) c^j jJu J 3 L^l *iLi jl! jj Lo 

jmJI jl jj^jUaJI - 2.3.5 

^jA ^jA oljlj^eil ^jA iJlA *y 01 

4^o wbs^JLk^-oJ I ^1 j-oJlj f-LlJl ^ jJLa— a OjSLj <jl < A L a^j . 0 ^ jjj 

^-LpJ Lo^P^O P-LlJl <1) J^3 AjJLiilil <-JlJ Vl ^ c_3jjl>0 jjb [^A 

^o- s^j ij^L>il jl oL-^l£j !■»**?- 4>®JL*u cJJaijj 'lqS .p-LqJL! j^Lo 
<1)1 JjJlJI j . 0 j-flj| ( j^o aJLiJ^o p-Li-s^^f jj>t-»^Jl jl (jj-jLLJl JI^pI ^ 

4_fl_Jaj L*_j 4-J Jjt-fl jl 4 j^Lp (jljp^Jl <l)ljJb>- <wdJj 
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Jj-jLkJl a_a_pjJ o\ .(Cement Mortar) c^u-Vl i'^Lo v^o 

jj £jA olj|^>eJl *ll) ^5 J-o ^]|j 

Ljlp c^i^un^fl Oj-^j 01 kiJliklS^ .oI^Li2LjVIj a-jljVI 
Oj^-i .( d* , ! .* *<«*| . 1 • 3 oJLpUJI ^1 dd-o-unVlj 

Ua ( jja ^JLjLlIp A a * la i ^^aJuaj *LqJLJ JLdJLe j^S> oLp <l)lj->*Jl 

aJl?-I jJl OljJb*- J^qLxj <1)1 U^jI J?^L«Jl 

jIJl>*J| ^ a ** > <^P <L~j>- ^yLlI ddo-^^fl ^yA ajlJl>- A-JLfJ 4_iJaj 

*J p-LoJl j dd-o-u-Vl <j y>T^~ji ( yjo (a-u^j^JLi A-^i) dJL*-u- 

. (X rowel) ^cJLoJi Aia^-nl^ a^^*Jj_j o j 


(^L-iJl C.u..^)fl jJ) AjJLJbJl C-U— yi CjUI^ - 3.3.5 


4_jjLl!| JjjJl ^1 ... <. II c.. '. a ..n^fl oLil^j- 

* 

Oj&j . twi-Jl^lii J-^is J ^l]| lo-^i Aj ^ 5vl ^JL*ufl JjI^j ^3j L*jL£ 

a5w£ oLaJsu £cJL-u<q Jj?^Lp ^>o ^cJL^qJI dd»^u»Vl t)lj£- 

4 <OjJ2j»ca AlJLo j 1 A~q*>cJLo Lol (J_jJl>- ^!La- J i) A-uJjca 

J^^LoJl (wtfitij .o ijJiJl ^3 oLjJJ a^^JL» (Hoop) ^31 jb\ LJLs-l l^Jj 
iS'Lo-u- £-Ljj .(obf- 4 J-°j • ddU-u-p 1;3 A_*-udJl ^0 S^Lp 
^ ylj ^ a a ^ 3 a 1? ^JL*-o I j»i»* L a 50 J3l (J 1 ■>■»■» )l 


4<w4-Jajj t ^lal>JLi c.A-l,]a.Ijj .V^LJl ^0 oli Li? 

,JL^- 4 ^cJLaa >0 dd«~*-*^ (1) \y>- P-IIa] A3^1j>- aJLwPJ L£jJj*“ £tIl>Q doax|j 

f. 4 

^J_A-U-| oJL«j Li?J AjLfljlj AJ^Ls^ JjJb>*j| i^UJl <^A AA» A^JJ 

^3 U^jI a*^-o aJL ^ laJl oJlA C)1 j jlJbjJl <^P 0 jJLj JLxj 

.oLuoJLl 31 Aj j^P <1)1 P Aj jJ3 


(ol y^JLe 5 A-JLj-Jl L^_j ) A-Jj_Jt-a A^Ca-Jj O ji jJ lil 

A-Jjjca ^ll^l <1 )Iaa^ 3 ^j-e <Jj-*-jcqJ| ^J<Jbc«J| A-JaJtli 
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a*m 4 (<>o j^JLo (1)Lws>03 ^jjO aSL^i jl) o \ Jjju^ jllasl ob 

jl ci^3j-o C.JL5 Ojz fjj* ulj-?*Jl *L!LjJ 

• JuLutf 

£jA J>*b ^ J^^LgJl j£j>- ^1 ^oJl oJA £C 

J*p-b < j-o (SdLp i JLjLw- J-£-j_A .<l)lj-3*Jl 

.^-jli^Jl ( j-° J?^L«Jl ^y» ^!jVl a 2*la !l ^JL^jj 

cjjJLibJl jl ^o L^-jli*- <*jL£ cLUIiaj 

> 

^l_P **** 4-la-t-ll| Jj ^JLjJI ^~^i-^- l-L*J>- U? ^>0 

oJla J i^Ul JjSfl <2JaJl Jq^jj .(53 jJ^lJl) SJ^L^o J»Laj 

.OIjJl J-b {j* i2j®Jl 

Q. I ■» a '. la . A 1' tbjjj^Jl 


jjL»«Jl C* 

p-iij ^Lj>*jj <^jLJtJl il^Lu-^lj ^JjLil ^^Lbl tiL-i. -o*j t ^t_Lc—oJl 
I 80 ( j^ ; *AjJ 4 (54 jJ^iJl) f-Lo oblj- 

. La50j 

(_5j JJl iwi-^J OIJ'-ll iib~ JLp iblja^i! Olj-^?- ibLp 

t^JjSlI ^ b ■ * i^ ji*~j> {iji oLJl ^y> Ajl.<o < oU5 ojb 

LtPju jlJrJi j_j J JL^aJl C^la-^>Vl SjLa ^y> t <jLPt>3 i^JijL* 

OIJ'-ll ^lSb~l jij*^lj 1 4* .01 J*-Sl J J c^Juaj 5JL. JJL *JLo 
4jL1p a£L^! J(*j t f-LaJJ Aljo 3LdJ j-b Lo - ' t^oZ . ] jl l Alblbj &j 

. jl>Jl J^b Jl jJL-Jl CJ~-?I ( y 


^LiJl C*i*->l jl ^ - 4.3.5 

t 2 Jl Js^J ^ 0 J»-l jl j^Jl °4-* ^JLs»JL^j 

jl ^^>tJl J JsLij-l >l^j>-L? JjJL>cJI til 1 .. II j 

* 

<»,* xyaj LoJJLP LJ^la oL^Jl 4_Jli>o o jl Jbuj . o ^ aa^3| 
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II ?«» ! Iltl'ififi* i*i»;v 




iS&rjiSjs 


assSSsSiiSi 


s'tfSSiSSSIf 


■ I* 7, •>»:♦« »»' »■< 'T«- «w # ,, 


MliM l 


hB 




*JajL> 3 jl ^>&j| jUa^a^l oLJ 4 j3_LS' 

.oLJJ (£j\ j^"Vl jl J\&^\ ^3 (<ul»«b 

ULAj LejLlP Jl*_i La ^3 ^ j _>-! jl iiLs^l 
^JlP 0*^ jUa>a^/! 0L4 


iULJt 


ijUflj 1 5*^ jS/i ^ 


cjl^iJl ^JLJ ^ C*4j^ J£jA J*jJ cJjIjUI t ji-iJl 




J Jl ‘wJti OJwd-w-Nl jl j->- 

L jLP <LP^_*^ j ^Jl h*t 9 ^1 ^.. i* <«« >cJl o^Lm<mJ L*-*--a 

Jljp j ^jjJj J*^-«Jl <LaJ^ t - 1 .,/»?? LaJtlP j .Js^bJl oJLpli 

^ 1 wL>eJL»>) L> fcAjw\J«-P <Lflj jJaJi ^|mh>cj jl ^>cJi OwLa ^wlp 

j\ ^2J>tJl 4-J_P ^,„ ,/gj> 4 j j^tLa jl i o! J->t^ 

*UlS Ls^La J^C^gJl (1 )j_£j (Jl <.-■» Ua*>j iJjb .^Jl—^Jl C^Jwo-wtf^/l 

iJ jIj ^yJaJl A 5.L»< ULs»~l J^JI J^aUu i^JllJJ . 4 j JvalL 
. J^LgJJ J^l5j p-pUl j*I ji]| *UaP^[ c^a>el] 

V 4_*jLo <uLt Ls^jI ^»la.ll d)Ld C kiUS 

j»Jl>b 1*-J jl j>*}\ j^iL l)L 

30 iLoLgjJl <cJl>ej j!jl>J| <5"L>^» Jl*_>cj J*^-«Jl ^ jliiLi* S^Ip 

. 1 ^1^-uLa 40 J 



^L-Jl <ijj£M t-d >/t'i a ^.la.7 

^ 1 «~ * ^-L y-jJl ^^LLs i cLl ■ ,.* < j ‘lSCjLJlJI 
jl-La ol>> ^yip »_yi»lj j1-b>- ( _yl*j jjj ,(t^JU_u«^f| ia^L* 


. ^l-L^.oJ ^ t * ■ - - <Uj ^ <■ J)^». Z^d>- ^-ka-7 

. Shaw (1999) : j±*lJ\ 


:54 JCtll 
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j^i j*-b &J 4 _ 4.5 

4_PtJLs^ oL^o 4_j ji oUl j-?- i L" £• 

{ jfi j*j Lo lij j^e- 0 IfJl *ifj tjJL^oJl {j* li*>l^.i.^*>Li 

* 

oLu«Jl 4 jLo^- IhA^- p^-oJl ^jA t 4^Lp . Jj JlXj vi^llil pUI 

dUSj i jj_>»Jl oLjjL>- AiLlaJ ^J_p L>«-qJ Lj it> jJLdl ^jA 

{y* JjJL>b-qj L^JLwJu jl c^JLjcqJI P'LqJL ^LliijL} LjjilaJtj 

4-JsAj ^s^jj .p-LoJl 'jjo ^\ysA j-s^LsJl yo *y>- 

CjL-iJlj tp| j-JL>bJ|j i 9- j-yaJl <J j_?0 ^LoJ p-lla-i.) <jjLp- 

p-i oli 4 jjLp- ^IJLi^JLu-l .^-*-$1 j-^l y* La j-a-Pj 

.JlJI jl <ia-w» <I jj i^y>TLj <JjU p-L»J| L^JJq <^SL^j i^L^j>zj 

SJLpU jJ j ^j-o p-L*Jl J_?-J_j jl J-s<2-jij kiUi ^j-P ^LjJLjj 
C <j pLoJI l^Juo La5wj ^L9 |JL>- 4jjI>*J| do IS' jld t4Jji->tll 

jgj*t L^^ol IwWiS' I JlOI/Q a a/ 2 J JuJLhP l i^J *■ -*■ 

jl SJd>- o L$JL*Jj . 4 js-L>iJ| JL IP pL*J| (jjjLLun) 

pLp jJI jl o jJ>*Jl <-J j-ktJl pL« 4_Lj_ 1? oli jO*-o 

£a^J £-0 pLp jJI Jjol?- J^j.5 jl ^Lp ^Jl jl 0 ^>eJl <iL?“ ^lp L$JlJL*J 

.l^lJLidu-l y> p-I^IjMI JLxj c L$j jJj ^d<J pUaP 
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IcJlc _ 1.6 

^ J jju o j j yy> tJas^Jl t-y ~ J ( ji yj V 

LoJli JjJUJ ,o^-Jlv2J| I La^a3^j j oL<oJl 

LfcJLp AJa3l>e-«Jl cA-JCuJ? aj aI£j oLuo j^i j^L^ja jLli-l 

Aj jJLb oLuO 4j>xJLjca ^*^0 ^Ju 

<1)1 IJJ Oj-P-jJl Sj,>LJ A-JjjJ| jiL^-«J| <1)J 

Lo^o t jiA ^ ^ ll 4 >■-!! i-* * /a 1 < 

'y j .cjjL^Ji Ula <j jj_>e-«ju ajl^-^ui 4^>bJLjcqJi oi 

JL>~o ^3 Aa-sIS” oLo j-Ljc* 0 1 j - * y» lj ejll£J| |jJb ^jlaaU 

^0 A3 [*/2 A A^r aa/21 (_) J)*|<3>gj| <^w>eJ t AaJLpJ .Aj>cJlx^J| a&*/ 2 i 

J-J-3 ^jji j! I <_jld£Jl |jjb ^3 ^3 ojj_SJLqJ| J^l */a * !l JL?-I 

oLa 

v-j jJtJl oL^o J^qIjcl!) 4 4.1 p-j^eJl ^3 o p-j Lo^j 
JL>*J| ^ o j-o Lj_j jJLj A_aJL^oJ JljJLp-'y A-j_>t- 

A-lP jj olS ■>■»«! oLuO ^j-a A^wifll>e Aa*J> y <1)^3 4 dUS ^>J 

olj>- ^ uJI Jul ^_dJ| <3 ^ IaJLjI ^3 Aa>*-^ ^jLu *JL3 1“^" ^-JLp 

a_pj-*^>*-«J| OL5LoLj OLS' liU .A_LiJl oL» ^ aJLJLS a^S 1 j^y y° 

4 AjjJjL^o A-jLp- ( y-\ jli 4->0 J->r * Si oLJI yj Jaa-qJl!| AiCi^L^oJl 
_jl i-j j ^LkM oLj-ttJl A_>*JL*-0 ^wL>t-«Jl O^-S^A-t-U 

LoJLIP AiLyOjo A^oJbl 0 j^jiil oJla j .Ja^3 ^IjtlaJl j **/ 2 >dJ 


175 



t£ y - 1 oVU- ^ 1^2. .la* L*aJ a^JLx^JI 

(_Jl ■» ^ «■>■»* I ^ yj 1^-oJLuw^ | I ^ y it^Lo LfliJL*^’ 1 ■» a 

,^*il ^-<jJ I Lr J^uJ\ jJu&aS 4-*J>tia-k*J I oLJl 

4_^j>r la a^. li oL-JLj 4^w«fLwriVl <j>JL*-<J| j-a 4 J jJb>*Jl ^j_a-*_j 

Oj£j V JLd oL>*JL*-qJ| oJt_A .^JLJLaiJI 4 + la >Vi ^|JL>«JL^fL 

* 

2jl j o. ll jJL^>o iiJJi j o J ; { ~ 1 L«-S*>ta 

■ oLSL^.^j SJLasct eJ^s-lj tiJT oU*vsp« i»-UJL! jl ioj^Ul 

iJ l^ojj 1 { 2Jl$j ji j2? LoJlP Jalj jLlp'i/l JLi-Jjj 

A^JljcaJl Cj|jLs>- J-Lp J j.- 1 L ^.l l aj_A ^Jlp^j j ,*L»j*)Lo *j j -/» 1 1^1. ».l* 

oLiil .iJLJl ( jJaLi*Jl 4^*>\ ^.<Vl cjlji*i>M_L! 

1 oJl>-1 a pL«Jl 4 j>sJLa^ 4j1j 

•Aj^j ->* 


^yjii jJlj 4. fl.|<a?ll _ 2.6 

4.4.3 ^L*-9 4 * a.^a" ll 4 j»iJL*jo C*-»-? JL2J 

.2.3 ^ jUaAfl «Lu« J^lj 

v-l-Sii i^j\ «uji teiu y\y :4 Jjjuji 


BEERS] 



*i~Ai 

j^jt* 



.1 


*L%JJ SiLj] 

oLj-S^U ,jA * 1 Si SJl— ♦_*-> 

p_Lp iiL*- jJ,| 

p-*^ Jijj OLjUl 

*or 

.2 

ukj* 

JL.) iJuaJI UJUJI Al jit 
j-Z*’ CjLjL-v^JIj (jjJaJlj 

(SjUJl 

_L$ ji 1 i, -‘—‘j' 

.3 
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j^oi - 

iJl j|j A .C j ' \ qLa-jI ; * ; ^ s *1 -/»~ 
JjIjj jl«) iiJLJi ijj ytl\ aijli 

tcJA 

1 .*1 .^.C ^1 .. ^ 

r'^-^.1 j-~in> 

u 


lUJUJt ^ JL: L. aijl 

' U ‘jt i -J Jj>i j' 

JLS^i!) j-lJI 

ia i 1 r it 

£-jj *“ ^ ^r . jijJhJt 

.5 

J! i—JL, U_-N 


A.i.di L» ,.:£aJ 1 <LiL5 L iii , ^: a » y 
oLuL^Ji i.i) ciiJJi_?j 
aS^-I JJ *UI Jp A&Uitj 

(^i jl) 

.6 


a Jljj .aLli ^ SjuiaII JJ51 ^laJl d JjJii-l li> £-^>j 

*Ul i-pjJ J-C- bUjLp) O j -^aj J l JilijJl ^ y«_^>S/li jJ«-^>S/l p-J iVjt 

^JaZJU Ji jt i ^ <C«Jll oLi-l*il jJ->-l ^IJ l>«I**1 i,,. Halt V Aij .^liM 

SjjS”j-a jjP ji-t <1 jAj jjJJl ji? 

jjiUi c.Lo ^L»JJ OLi iS y^ 

La_La_p jIjuo oli j_*J ^JLoL^cJl o m-ajLq^J) cj L i ^|_ jj_j 

jl j ii.lai ^LfciJl f-Liil ■— JLkij li .* j . (Guineaworm) 

* 

OjLiJ AixAjrf ^Ul <J| ^i*J| LoJli ^JL>eI*-*J 

,<jj>*Jl lLUu y*j£ ^1p os*l 4^>- ^ s ^ Tji os** 

Ju?jd\j Oj^-' - 3.6 

r 5 'H» .^jJuuj <i^laJl ^laico 01^ ^ ^ju 

oli^j Lo o^*JLu- JSV I ^3 SjLqJ p-LqJI Oj?*- 

iZ*f ^ * a ^ ^JLp *LJ| IjLa dUjLS' , ( Lj LfU 1 ^ ^ ^ 1 o i^Jtv 5 

^JL*J Ljj>tjjJLj O j-oj L oS/ dUij L^l£Jl ^o |ji_>- o j*Ji*p 
a^p j & & li c^Liji_5\Jlj .La j-i La jj .» « 1 4 .» .» ! i ^ la 11 ^_3 ^_i 

aaILxJI aJUaJI ^I^qJL jyaiJb L^i^Jl ^I^jI ^axj (Pathogens) 

,<JjJ>*-«-!l P-LoJl ojLSj JUJj [*jb j|^>J| j*& ^ JJ 
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l*l*~3*j fciiijjj (JSS/I ^ d)^» 3 S^»»Jl {j* l*jb -ii>- ; 'jjJl 

'. Lajj C...il *L*JU f_£yi L •Jut’ jli«j j] *L*j 1 1 ala*. i pJi*j j] LjjJ a l^»*]| a jj» *._ii}a’.* 

.2 !^»J| (3 ! (Jl 2 a ^*J| ,_j* *UJl *-ia-j ^ 

.1 a j»mi I ( J*«p| t2 a ^| 1 a ^»«J| ,_j* *L*J1 *ia«J (c-*) 

.^ i . lai j ^Ui *UI jj*J 1 S^»Jl (jJj. (4 ^ la .- H ) j. JU i a . » l| #-Uil (-*) 

. b jIj[ j ji {j* (o^jLwJL) *-L*Jl ( JiLj U jA Ll»Ua^ L^jI 


. j! ^»JI j ^Uij 

. Shaw (1999) : > L*JI 


178 





JlS j j]a}\ j+5 j?} ^Jl>cI**J Jl5' jl . Jl CjIjI J-?t3 
oJjb o! £-* j ,^L>Jl *L*Jl L^-1 .,o->e-) ^iJl a-J-saJ| ^1 o 

S31J1 ■ A^d-^Jj ^j- 4 <1)1 A-s^ C->Ll5l^Jl l A^a->1 A_d_> ^JaJl 


f-LJl jjJ ^Jl^o ^J) ^_y° A_d-J^ ^ I >J_>eJLwtJ l_» ^-dw»< L j ^L-JLl^-'b/l A-l ^ «<u 

~~ 1 " p. 

£-j j ^ *^a ll |*J l- 4 VL*-9 *LS jl}\ V c_9 .^^jl 

jLu ^Jl>-1jJI *L«Jl jL^- j*j_p jj ^ " A_dj jJa_> L^^ajo 

o^Lp ^ A^a li ciUtaLJ . ^ 

jl olwL*-* ^|jL>eJL^| J Ji-JuJl ^ l)Lj^>sJ| ^-^ai jJl) 4-Jl>“ta 

.(56 J^JiJl) ^ J>id\ AjCw«l « A-dial4 £^>el) ^jJi-wu 



. la ....; mL$~ jJ j $ -/* 

. WEDC : >UaJ1 


: 56 JSLtJ! 
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^j|^hAj>cJl aJLiaJLi** i JL^cJLu^ I 1 ^ aaP* Ap’t^L*Jl ^ yl-P* (_) ^vflL>ti| 

*^gj| ^p jju-j aJL j-U aJL^ sLi ^Jl>tJ a^-I jil ^jJlJI jl 

Io*j*^\ a* Oj-S^j <■ tSy^ (_^1 ^iLf* (>" (ZigZag) 

jg *■>! jJL^o (J j_Svjj , 1 :8 J 1:3 o-ri 01^“ ^ Jj-la-!l 

I^LoJlpI) l ^~*~* jill 36j 4 Ayis^l ap ^**Jl 

.(gj^ll ^<w2JJ JJUJl ^1 4*~i* 

4_?-L*^o ^_j j ^ +/2 \\ <J^li»- I JjUt-a 4 _a-u*J £-j\ jZ-> J 

.1 m 3 /m 2 /hrj 0.1 ^ 

^|jL>bLw«i^fL UaJj^I ^yL^J JLSy ^y>tj j, ^ $ y>- J *- - 1 laLi o^lpj 

oL^gJl 4 j»«JL*-qJ ^-<w? JL3 ^ */a]\ 0 1 I^J J aIaaT ^Ju LoJllP 

* 

oJbjji! a^-L>- 4^jJbJJ *>L*i c^sj? yu ji ^ydlj AaIaLSI 4y»*ia**Jl 
• <jP yl&d oj^j ^a*/3j O^j ^3ylj f 3 

'y Ji Lfjp t 1 Jj>- SJLJb aJL!L*J| 4-JUaJI al j-<Jl dJlS^ lij 

^ AluiP iSyj dlii jLi^I I^JLi $ 1*? « « «* « 1| ^ a ^ a/3 aI I t^_3JLA AP ^aai j 

* 

oJLa J_*j 1>***»j p-L«Jl ^yL ISti (<pLh o yi3 jlS^ yd 4ixi3 *L«Jl 

iZj|kA_S' ^ ^ l| Lfr-Q. *A<i 4 A^ L?- l A ) [ A ^ A ^ 4—3 1 A^| LjA Ljfl-A 

^l.^.Cil SjLJl j . Jill jJI fijiA I-*— . y J_«jed (Coagulators) 




jVi 


jl (Alum) i_— iJl ^y-A 5 jLp ijo- 

. (Aluminium Sulphate) 


(Moringa oleifera) 5 jjjb ^ JiS' y> 

^batj JL5 Jlajj .5.JI yu^i\ jlia3"i(l JJtP ^yi 

JJ i— llaJli LiU^ JaUHI s-loJl *_LLp js-*^ (Flocculators) ol^JL" ^1 

.jlS' jdlj umi jJLi IjLj j! 
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JL Ajuo ^uiil j (jliaj JLJbilj JuS ojj ^ljj>*JLu-l j) 

IJJ t ( J-JlhJI cjIS ijjLJl (JJ?Ll«JL! 1 */i i ''Ij 

.cjb^Jl I Ja ^ ^ Jiojt LjJjbi V i_j y* 

(Moringa 5 y>^> {y> rj±^~u>3\ JS J 

fjhu> Jl a.* jUL^j SI liJuLjJl ^ y^K LiLs4 Oleifera) 

tjpld^ JL$J_*J e.ls.1 a£j j&zJ ^JL)J P-LoJL 

.jlS' jA I AaJLojp jiUjV ^isii j! apLj-j oJuJ iil ^>- j j.> 
iA^aW *\ j+l\ aJI j\ ^ iJLpli o I oUtJi ^Jl JjJ j 
^ V ^l]| dUu) 4 J i JLS 1 >J| £Jjl$-*5> £_>o AjjULoJLi AaJIxJI 

.(oLsL^S3l 

OUL-Jl ^j-0 I L^-Lj^J I (jjjlikA-ilj 

(Filter) aiLuo^mu ^jo ^s> j$\jj aJlp j ^j>t ^ 1 1 a-JLj-J| 

,l^j>tx-J- ^7 V Aa]L*J| aJls^JI }\ j~<A\ 0 ^ 

aJLJo oL>tli *LJ| Axi J *. j JlxS' y ^UaJ ^j£> ojL_P oJLa j 

0 ^->e_>eJ| •>. XJ> ^3 APj-i^j-o*J| >B-ll (j-f-j 

^.rfgP^Jlj ^jVl 0 ^J>*J>tJ| *bL«JJ ^a/2>iJ' <jJ» A^ili^o 

s ^ 

* .' Ju>iJj jl ^vi>«-!lj jjiwsJl ( _Jp (JjiijJl Jl5 jjj .Lajjtp- 

*> jfi L«>a i ^oJl ^ jLp i A 1 Ut a 

0Li^»Jl ^Lki cjUi^i^oj t^yisVl 

0 j— SL_o — !( (57 J-£ .t SI) (Upflow System) ^jJI 

^i j-ilJ *wJ ^ a-jb ^ Ljjj 3 o c-i-lsLlj j 

L-aaa*j jJl p-iajco Jly j l ^laAT a^j jiaJi oJL^jj ,AP ^vaJl 

ol jixJl i^L>*j| dxj ^-\ JlaJj ^LgJl j?? ap j+m 
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O ji jj cLUJlij i a *. .* oUiJ< j-«Jl *ta! Ss-Lib ^ . .«lJ 5 j—j-S/l 

jJiJl) LXj>- oJ-j-L^ Jl-j-k-JLiJIj ^ . o .,(g * 11 J y>- obLljl 

.(£=h 


oUw j * Jl 



(J 3 -' J* J>) (olii» t y) <_^pSh (Ji 


12 - 18 mm , 
8 — 16 mm 
4 — 8 mm 


VF = 0,1-1, 5 m /hr 40-90 m/hr = adl J-U* 

J* J Jl ^kr^' j~*i 


. Wegelin (1996) t jJL^x»Jl 


: 57 JSLill 


- 


4.6 


leilo - 1.4.6 


^jA <cuJl 99 ^jA j £ I ol>t*i j-Jl 

JjJj j L<^ La lij *L$J| ^^a oLwoj^-uaJlj 

b ^.3 1 ^ 3 ^ t (Cysts) ^»L»^Sfl ^Ll 

oJlA jl^aL Iwl&hj .0 J-Jpj ^]l5^ 4-JLgJl J j-ftJl 43L^^fL 


jl £_w*lj JUai *L*Jl ^JL*j l)I oI>bJj ^J l 
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( jx) I JL^> t^ylilp (jUaJ ( _ y lp J 

^iJl ^JLJLaJl pLeJl oL^ 'jjJ (Candle dJL^el ^^*Jl o^Lo 

.4 .... > «J| alj-«Jl Jjb t<_J yiJL! 

ji?LuJl ^3 ^u»i^ ^jLiaj lP ^Jj>t2LwMj Lo-Ld 0- , L>c-ti ^oJl cJ_Aj 

4jl£jA \ oL>e-ki ^*J| ^il>cJ .^J^jJl Aii?l J j+m\ 

.^lJt-oJl p-LoJl ^Ijl>*jlu-Lj L:ll ^\j la«i* (cL 1 _pjl!Ij) 

Jl*J 0 jA cfJLpjJl ^JLj jl oLfl-flJtu <J j */2->- 4_!L>- ^3 LjJlJULu-l 

j -* Jl 4-s^_flJl oL-S j . a i ^a *. u .(J jsA 

,<J di2>eJ ^Jl p-j| L ^*fi\ _^A-J| 

(jL^o^/Lij 4 jlli h*M j5 ^jjQ^ji ^3 

1 ■» ^ • 4_3 jJL>t ■» li ^^_)1 0 ^jJLa aJ-jJ-j ^ ^ 

^ j_« d)l <iSU c4_>tj| jil <iljV L)L^1 i^^cjsJI 

.0 jJ*A/a]\ 4>bJ1jc«J| 4-<»Jaj| ^3 4a i Jj>tLu- L ^4*J l>ii tL^lSLJl 
<1)^J 01 la*A*^S' 4^0 Jl>t a a^».Q. ] 1 4aaaa9cJ| qUI (JIajIS' l.» ^ AJ} 

^y> 4 a 1:^-«J| ^jJ'ill 4 A la:’. 4J 4 a. la I <JiliJl!l 

,_jJLll ^i^Jl £*-?*• ^!L* t JLo jJl ^y> 4jiii>tjs ^ y > ^~ oL>tJi ^»JI 

iiJLi- JLoj ^yJ} 2^->>4 (5-7m 3 /m 2 /hr) JJ-*-o jj-Lp 
t5 _/=f hj (Jiji .(0.7 - 1.0 mm 

yLSl SfL.j ^.a ^ - - - ■ ( 0.1 - 0.2 m 3 /m 2 /hr) ^ 
j 4 LJU L^iLji (plij jl yS j . (0.15 - 0.35 mm) 

^liaj ^y!) jll 1 a* yji 4L1JI ^ijJ j^yJLo _^l ^«J| 

, 4^ l^j ^~i j ^ ^ I ^ ^iAII ( ^^aj>ca 1 ! 

ILujmJI aJLo ijJl olpw ij^jl — 2.4.6 

olj4»tj>- 4_*jj_^Jl 4 . 1 4 ^Jl p. la «j 

(_sJLj| li * ‘4 1' o^Lp (3^° l5 4L4JI 1 ^ p ^9 jp 9 4a Lmji 4 . " ^5 
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i (Pressure Filter) jJl <J*>U- *UJl 

p * * * 

*j <jl y* Jj <yj <Juo ^J| oL>t-J- j-«Jl y> L^L>- Ip y 

^JL>cJLmU t is » ya 1 \ Oj jULo 4 -JLj j£j oJL^-j 

* * * p 

^0jJl <3 ji ^LqJI Jax^ o.sljjri (LiapL^ LJLsiij UL^Ij) 

^Jl L«j 

4*1 */3 j| la * A ^-«Jl y» y^-y}\ ys J IhXA 

o j_S" '^Jl o Lu L j Ldx^>o pLqJI ^e jp li| Lo^wtf^f p-LoJl y> 4JaJl_*Jl 
I^aa^ ■f'L^Jl ^ ^ ^yijj Lj I ^aa^ 3I c oJlJloJI^ 

La 7 <lJL< J p ^lil ^Ij 0l V C^ukLjO p-Lo £-ll^ 4 j1 ^Ixj 

.p-^^laJl ^JiA J\ ^l.l>elu-L jl ^(^-JL*j) 


iiL^VLj S.>Lp 4j>«-s<2^ ^ ji\ j-qJI 

^ i 1 g*Jl JjUi j (Air Compressor) *1 j_a Ja_pL^ 

JJLUSj li+la?** Sj ^yi y* (Fluidize) J~~Jj (Backwash) 

oJlA ji j .^UJ| P-LJl ( yo 4_*_fl_^JL<jJi j.^t., Si ^Jl j[j i>_a la *lt> ! 

y ^ Ij_a_5_w_j ^JLS'I oLp ^-«3l 

• ^tS'l 1^*9 c iwUjil 0 j* % */3ll AaS^^L^l*-u^[ I 

fcJaJl 4JL0 ^| - 3.4.6 

4 4-Juo ^| i^j Ij>c^u j & )i < yA 4^o i^ j ft La liJL^eJLk^i I il ^A j 

JjoljjJl yo U^jpj t L^*z£Jl <j|jj y> AJLpli j£\ Ifjl 
SjLj^o 'y 1 $ 1 ,ts7 Ol £ 0 J 4 . P'LqJI 1^1 <-s^ ^ o-qJ| 

JjJ-u^o 4jL-^ J^oLp ya 4-oJill-0 <jLlP 4_?-L>tJ L^Jl 4 4-Jlp 

^c-Ji ^-«Jl p. +.A/3 1 jl l a/3 ill ,ol>Ji j-oJl oJlA e-tal 

Sj ^<-^8 j^L^q yo ol^LijJ ^ 

•£rl y*^lj 
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jl o p^la. il ( _ J JLo j-Sl £t--i j-»-!l 

.0,9- 1,2 m < _ y Jl y J^il ^ <oAli <J3 jljs- 

0 Jlp- L ^Li!l ^yj) ^./sA 4_JLo ^]| ojjk pLgJl J 


J— . .(58 J5LUI) 


Jij j . /?: i l 


SO 


Ct* 


jJi_p 


<_y-P-jJ J-j-Jl Jj«_4J| ( ^_ ; _1 £-«-^Jl J^L?- £t-Ji j_«Jl 
JaJwiil ^ iiL/jVL; ^ ^JI5) (Adsorption) 

^j-a 4 j^^j Lo ^_a oj . a. a I I Ijla i jp \ * (Straining) 

(J" : *‘* jJ> J^^il £jj J51j 

^JLSLj is>-jJLil aS'I jjJl ^ £*)a ,» il I jjk j_yJLp j . ((Schmutzdecke) 
4-« ./o i ^0 4 J 3 jj .2 > j 4_j2Lj- oLjLjJlj Lj j> .:< ; !i 


!jJ> a JLuL a . I l ^‘1 ^J>«-il (_g . t «~* .(_yL» j-Sl £t»il jJl £t)a_u* ol * .1 a 

Al*0 j-a-oJi ^J-ol^-x)l_J L j: :< Jl ^Lp ^yb jJl A-j 2 L>til 

»» 

.*Ul 4 -lP^j ^j-a I La p>LqJ| 

^JLojJl jLi c La5lj al ^Jl p’LoJl lij 

li) Lol .t-i.la'.7 jl ijL*/» Oj^ ^y> jl ^jL^i'i/ Jli a^yiaJl 

* 

tl)L5 li)j . jj5o Lo £t_*£ ULSlj p'LoJl ^ 

j-qJ| 4-lL>-,>ji 4JLj-P J- 1 ^-*^1 j-Jli I jkA-9 ^LoJl 

li^j , i yJiSxLj3 ^tjA jl Jb5 y £Hji *& L°J 4-»p jjJl 

Jje ^J| ^c-*i ^>0 ^|jL>clw-| £jA ^ (. ^yja£&\ 

^JLp a j la *, *.» ll ^0 Jb ^ 4 -j_P jj p,Lo g-LDV j 

Ljj j_j j->°Vl IJla ^ ^ * j ^jSL^jj j-qJ| (J^L?- 0 Lj <Jjuljo 
J l ^1-P- jl (58 *la *7 ^1 j*/3a 


(V) O ^^>tJl jJ5Liu A ^ 1 > . (^J>5^-k!Lil ^3 ^-k-»-a ^-Lp) 

^Llo ^]J JLu- jl Ji-JLoJl (2.6.3 

Jjl^jo <i j*j> ^yi jAJLoJl J^oUJl j+i\ ^li ^ 

jA Jl 
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.AjSyjliJl £-13 .2 

£-S Oj^t L**iip Oj- /J 4 l l ^SUJi *Ul lX-i — • 

.ota^U ij-U, 

>t Jj| ^!l *UJl Olj>- ,_j3} ^!L»<*J| *l*Jl i^ui ^U*u .j 


. (jJa-^uJl) Jl»o| J— . j 
. £j-L* OIj^ aI*1p — *■ 

. *l*Jl jLj>- ^ P jla..,j ^J»-JLo (_§i p^^laJl ^ ^J| oU j £ j > 

.IRC (1987) : jA^a. Jl 


:S8 JStill 


Q 


jl 


-li>ej 4 jI t J-^S-JjJI ^jIS J\ ^USj ^Ijj>jl»I Lo-S* 


, 5 JIp <L£j!ij IS j jj 5 Cj 

(JwL*^o ^c_^ 2 -J jl ( J ^-3 * 11 ^JLo ^-J l £e_a*> j-*-H l— 4 « Is ’« 7 ^, <l 1 Iflt .) 

jlS' jl j ^I>- I £-Jl 5 j*-oJl 4 >-L>- Jl*-J k-jlS” <o» jL^>Jl 

.( 1-5 m 4 -plijjl (^ 5-^1 ^ ^ Jji pL«JI 

^ji^j « c^>o 50 mm ^Ijj*- *-L«Jl c-SJSull yS^j 

< j^^jj . (10 - 20 mm) £eJa*Jl <Ut jlj la*^ ^-j ^31 

LoJlIPj .l^UStlual oIpI aJu 1 ^jLuL>«Jj 4 _L> j_Jl^oJ| 4 -aJaJi o Jjfc c-itJalj 
yS> Ju^j V 4 _joLh^JI <> 4 : lS::ll oLJl«-p juo jJI ^LSj jl »&* 
j\ 300 mm ^LaJjL J^JI ^ Juj^o iiUSl c 600 mm 
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^3 JL-ILalJl aju j]oS\j .oJL^-P <_^1 _r^ 

^ Lm 400 tutu 1^ ^v^ti *m ajl^p ^lljj i. •* 11 g t..-^ a 11 ^^j| ^l^xj 

J-«^U ^- U . Ji Lj^ljL ji ‘<J-»^ 0 * 

£-IJaJI Jji jJl tjjfjJLl j*-J J-X-9 (_yi L$-L>tJJ Jj>*J <^ 

a.) . a ^ ll 4 ■ >gj| oLjLSL!I jS( oJLjli 4 _JLaj<JI oJl^Jj . ^Li jJ 4 3 . Lj 

.4js^ 4aj13^jiJ| 4 fl.lflll ^j^S\a! 4P j+mJ IS\aaaa» ^J«o i, 

0 ^-So »JL^>- £e-aa£ ^ liaj ^3 ^-«Jl f’UJl 4 aP y 0^ 

JjZi iwiJailJl 4-Juo^P *1 Jl*j ^oJi P’LoJl UIp o^Lp oJL^- 
4 JLJ 2 JI CuLolSJ Jl3 <J j-^j ^Lil oJ-P JLxj 'bfl t J j-JLU L>cJL^ 

AIa ^ai_>tlil jl P-LoJl jJJlXj oLpI o ^IflJl oJlA .4 j*-jJU| 

L « \ ' ^}p Aa A {OLAaaa*^ I L*S«U*-fl O^' t 3^ j */l & ) 1 ^ 1^3 

.(5.6 ^iaj|) 4*-Ji*j JLxj 

^aAxiJI 4-JUp <jl_j ^ \J^>tl2*m S )1 I JLa3 Jo-\ j jA dlillA (jU 1^ 

^|a 3 ^L>! Sjlp ^cJ- ^ oJl *LqJI o£*- (£jj o** 4^1i>o jl 4iSU-o ^*p 

CU3jJ| 4_s*-LjV J-p-Ij £-*A jA ye jZS | ^|jj>tl-u-l ^Ja i')l\j .4^q|Jj>*Ia^I 

<j^u- 4 ^>jl*-oJi oL^ji ye aj>-l>ji jS y ^ ^ oi>-i j + ji j»ui 

.Ljj 4jb«‘-^Ul ^bSf I j a qJaij o j& 

aJLoIjco 0 j& 01 ^Ls Jh\ 4>bJLjc«JI oLu«J| 

^a<2aaa» P-Ui ^3 0^^£>-^-'«Ji <ZJ LaJl^c^c dlbj f. IdlLaj J Ij 

.(2.5.6 Jjo ^]| ^3 j^ill oJLa^JI 4a>J| obSl^Jl 


oJLl>- ojj-sAj p-^Lo li j p'Llj 4 aJLq»P (1)^ 

4^1 jl ^JiJl J-*ij tdUjJ . ( j-A-fJl jA^l\u lIaaa^J 

Lfa*- JJ oj US' <njj ^jA^ll+A ye Ast r^/s) ^ip J J^1S>J\ 

|j_A J-^^LJl ^3 0JJ_SJUJ| ^Ij-«J| L yt^J ^ j3 yU 

.*^hS3l 
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« j. ^Jjs _^ ll ol»t-l y> ( j~*iyjj 

IS *Lo ^lij V (J jJaJl oJlA ij-^J >( J-^ jJLi tl»jj j-J 

Lo Jj>- *iD.S 4 ?. la. Il ^o ^J| oLaul 4*P j_j 

:jl 

.SjIp *600 mm ^ Jujj V J^l J^p 01 • 

.^Jd jdl J_bw ^ylip 0 Jla^B ^Uaj M i— JliJl ^yj • 

0.3 m JliJl ,_ylp) (_r^ Jj>^I Jji fUl J-*p • 

it 

*_a.la‘.:!lj 4jl.„all l ^i cj\ j. i L«_a *(1.5 m ^ Mju 

4_dj j la K i y£ ^IJL^LunL ol jZiJl oJjb 4_!lJs>i ,|JL>- o 

U^u fUil JJ .iliij t (55 J£aJI) vi/>wi jl ^>JI ^Lku SU^JI 

.£C^uJ* jlJl 

<>a^> jM }>\ js iiijj ^ ^p^Ji 

^*/3$\ Oj£* p’LoJi j^r 0 p’LoJl 4 -lP^j ol 

OJUUl jibLo j (4 jJj>uo ^ LoJliaJj OJJJU .^UJi *L«Jl ^j-a ^JL$o 

* 

1^ *<ll 4‘. ^ /->"■ . il J ^ ■>. . ^. - /? ; ' <i) ^la LoJlLo 

j£'i L«_S^ *5JbJj>- 4 a .la j LjJl J .~..i|j ^j| 43.1a S 4-«Jail*-ll 

^ylj oJjJlP ^IjSI j ^cO tf IJL a l 3. la*." <JL>- ^y3 l_L .'■ * ■ j ~ J> *0 *>Ip1 
.41>qL^j oJLt- 4_L^ J 0^j5w^i ^yljL^Jl Old * *iliS 

y*d\ _ 5.6 
ioJli. - 1.5.6 

‘- r - : | ^ j_y^j- *LJ| ^ ^-Jl i-LP $ l a' i l J-Lij 

l*-JL*j jl L* 4 l»05j .oliLfill jl i y >\ (_$1 *_j ^ iJl ^yi 45“>tfL-il 
^ ^LSl.^.dl oUSxoll ( _ r Lp SiLp (jlkj (Disinfection) 
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;(UY) A^> « ^ u a lJ | (3 ji A_*J*^I (1)^3 **{£ 1 A-*J»-Lj ^jA P-LgJl 

4^J> } L)j^£ ^c-ajI */a a ^jja jl ^jja l ^ ■>! P <J 

^JLi-«Jl *LJ| cUUJlSj ul jS^i\ JjJLj ^ J ^yA KA-s^Ls*- 

.Lq^IXaaI? ^3 oIIaJ L^a3 0 Ij I j 

A-l3 Aa/2 ^ 1 1 ^aJ I ^^>tii L^ ^aaiJI f'Lo |^LiLxj ^yij Aj>-L>eJl 0^ 

*L«J| <1)1 (jj j*-* 1 j-!l •^-d^-*-; <1)^ <— i»L5 

Ju_^o 0 yJ> j*^i j-q^j j»-ljI^>- <1)^jcIi*j .As diw^Jalll® 

<1)15' li[j . *>LIL>j ^L*JaJl5 (_£ jj-l jS l ./3 a jv-jjI jj»t Jl oJLjk ^jo 

^i5l ^ j >t-a-a — ^ ^ ^., t >j> r a 1 S f - /3 1 1 < ^ ji " ■>.»* . i i ^ *** * > cj <j Ls c cLL!-15 

«— ^ f LaJ L^o^SU Lj ^ i J . * i i t < 3 * aaa i { I 

jJaj t) ^yswaJl (_g j~ .-.tt S l aSjj obljJl j—ij rya\ jij 

.(4.1 V*Jl 

<J j^.1.3 p- ^_A ^-f- ^*- * J ^_>cj ^JLp oLJl xj A <*JLo. P 0| 

^ c, ^ 

jS 2> l -o. . L*jI ^ i L-3 jA o^jLaJLP I L<j«a A-oL*Jl * ■» Ii ^ yj l a 1 ■» P 

I kAj>eJLu*»^iJ ^JL<0 ^_*_P jj «^9 < ^L>cjJ j a!l5\J ^Ji a/ 3 3 *^f j ^ ■» 1 Aj| ( Lflj LaaI 

.^JL*l]j j j u8xlall]| oLJujjlj fUJl <Jjb 

I - 2.5.6 

}\ jja ^JL>bIaaJ J3 j tj^KJl Asl^l o^Lp oL^qJI j^L^o ^JL*j 
< jllaij o^JL>t-«Jl oLo|jLi^Lu-^Uj t{ jP jki\ iJLjJ 0 JJJ^I (£ 

*y>x^\ ( ji k 3 jJ Jij ollitLo^jj i ^-Jl ^JLpxIaaU jj 

y*^\ jij J-JL>t-«Jl jaa/7>k. j l jj\ Jbj jjJL£3l Jj *><g>e-!l j^Lsa^o 5.3 


^a_*_jj t La j *■>■». * t > i lj t Jjls ^^J-p SjJLSJI j jlSJJ 

^^ 8 ^* ^ ^"1 (2 mg/1 ^aS"!) AaIIp ^aS'I 0 ^aa^^cj JlaPj ^ji]| 
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£ j 3 ^ jJa^- .L^-j-oVl ^LS'l 

^LJI ^iju j ja& p-LqJI £^>*31 oJLa SjlsIj 

.JjJLS* Aj ^JLoJl oLb«J| ^lhJ^e2Lu*»| 


Lf* ^ P <Jj^*_j ^ <J3jj]p eJLiJl ^3 ^Jb ojjJKil A-JLq^P OJ 

JLp-I a ■»■» S i .0 j***ja\\ A_^*>\ ^ : *m')1\ 

.[+Juu j\ iJbJl JS'LlJI 

j^JalJl 01 VJ) AJilalsJl ^ j^KU jJu^lo j^jIj M Ji • 

C^JJjlS j_^*Jb (J g-ll^ 4 _a-jL> j-3j iiuJL>eJ| ^-gJL*J| 

4a*jL£J| a^>iJL<»JI JJUt^JU JJUjdl ^ya 

jjJL£J| j^Lva^o £j-s^ j-° ^ I oJjb dJLfl a» JjUJbj 

.(L^ 00 

Oj j^J ^LflJ £0 A^LS* jAJ jjlSOl oJL£ ® 

•l£ ^p“lj ® j!3 AjJlJrf ^LS C^>rJ diiJJ 


j .» l i i I <_) kA_*-fl ^ * Ja , « i 

j-Jtiii <Jjbc«Jl IJLa ^kJu ULp-l k JLlaijj ,a-qJ^L«J| a_p j>cJl 

• (Jjjca 

0 ^13 ) A-oJ^L* 0 ^IaJ P’LqJI ^a ^j-*>LgJLj ^JLu t)l C-a.>bJ 0 

l!^Lj_i-u-^L! Li-oT *UJ| ^aj d\ J-J ((Contact Time) ^-^o^LiJl 

•> 

.aJLJu 30 Lla*) 0 ^liil 0 JlA ^JlJj ytJl 

*LJ| A^P jjj (JljcaJl h^2jClU A_aj^Ul jjJLSOI oUi <waJLi>&j 0 
(J jL{ i Ja^«J jj-l ^JlP JLqJL*j A^cJs^mJI oLJl A_^P jj <j| Lo-S' .^UJl 

•>Ji 

^>til j^KJl A*a£ jLi^I Ifclp AjL ^ lai Aj?-b>- iiUllA # 
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lyeS I j .(Free Residual Chlorine) 

<joj^U|j t(^AxlJl) lalll 4 aJLo^P JL*j 4 As^[1a <J|^j V ^lll j^KJl 

*LoJl ^3 Li>- V y -li ^yS> ^>0 ^1 Jlii 


4 4P^u*J J P-LoJl ^ otf^LJl (1)1 Oj^X^Jl 

y>zi I Jj&}\ ya Lo y* p. ^ -o.il yo dUi] 

^jLLJI ^jLl*Jl j^KII Aa.^.^ Jbuj . 4j jlla^il ^Lojdl o ^13 P-Lgjol Jbu 

oL*Jl jJL^o ^ (*UJl ^ (1 ) jJUJLj 0.3 jl) 0.3 mg/1 _! 

4^JL*J kid P’LoJl (1)1 ^ylp 


0.3 mg/1 ^ ^^IpI j ^b>tJ i*JiJl oJLa J 
c^j^-lSUi ^Liii (Kit) 4 l a aa a * i Oklp .(3 mg/1 ^J|j) 

.4dL*-k£j| jj^l ^*bU |»lar*A (^i 


^-*-J i *^la * ll ^JLojJl ^tx-Jrf^lil JL*_i LjLj-I ojjJL^JI ^JL>t a aa*7 

jJ>- j^JlS^ jJL>J Lqu^j 4-JLjLoJl 4-*/? ^QwoJl CjLIjISUI l.*>^ ) ojj j */a ll-J 

£^j^lll ^liaj J-^J o ^j*-s<aJl olj^Jbdl ^>o 4 IjLoj>«J *LoJ| ^ (J*Lq 

£o->c-oJl *LJl ^3 4 aJLi*J| jjJ^il 4^3 ^»Ll3 ^Jl>cIa-*j j .c_*-jjLjV L 
j_laL>tjo y*J .4_aJ j_*_j V I 4_^-cdJl 4_1 Lj>- 4-*_d| 4££jj_lJl ^LiaJ 4 j L^_j 
(ma^LmJu kid ^kiil i_j ^LJl p-LJI ( ^a J± (jl La ^ ^>-*^1 1 I 

,4-kP _^**Lll ^jA 4-o^>&*J| j*& J-^LlqJ| ^jA 

Jait^ ^jA liajl * j j_aj^[| ^J^-1,3 e-LoJl d)j^j LqJlLp jj-^VI oJjb 

•V^^' lA*^ 4*Jl 


4 p’^la a 1| ^Jl ^tAA^i I 4*1.01 P ci*^ oj^-LS^li a a la i ^»klP 

jl / i y 0kA-ki-oJ| ^-jjI ^?*- il ^ P-LoJl ^3 ^AJLo J l j^l£j| d)^[ dUij 

dJLSij t (^AAA^a^ll jl jJLill p<LJl SjjlS^ £cvij N Lo^ .J^o ^J| j*$ ^s> 

SjjJL^ll J^3 ^kJ- ^ill jl kJLkS' jilt OJj L<kSf .jjJ^ll ^ a - 0.7 ^Lu- jVl d)V 
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0 ojjJLSLU 4*^Jij| (1)1 .jjJl^JI jJlA ^uaj 

jjJL^JI ^J-L> jkS 4_Lo A-j^LS' Aa-o.^ C.h d «■>/?! Lo l,j| 

>l5 2«1qJ| 

^LoJLA'bfl (jU 40jj_l£3l <J y>- Oj^>eJl Sj Lt >**ol 4-Q^£>eJ| ^ 

J^Jtu ^Ualil *LSj OLo-saJ ^jj ^l!| J a_«-y5» J 

(Jj-^j V (Clorinated) jjJL^>o jjjai.o.,11 ^>0 typy* 

(J j jJL^o 1 • ^ j oLj Jij .4 . 1 p 

.iuoliil OIjUI |«Jax>o tijlj jji^o 

oLjjS/Ij £^l jaJI ^ jSju UU ^1 4 l a .. -. 1 1 4jJaj"ifl ^y>j 

c-jlill ^ll iiali^j ,» Uaill j (Aspirator) ii»LLJl 

.(59 JSLlJl) (Constant Head Aspirator) 

* 

(Perforated L^o L^o £lJ I <i y>zS\ oJla 

*lo 4 j jJ JJu ^>oj ® o^Lo ^o JaJL>Bj U jJL*-« Pot) 

OjJ-sAJ P’LjVI ( j^ 0 £t-yC»LlJl JjJLSCJl jJLjJl *L° jJLaJI 

(1)Jj 4l£ yj jajS kiLt . AtAai j Jj 

• Ja— -I JS* 0 J^O I JuJl>tJ 

^ ^ylsLxJl *UI ^ JL*ii y>l IjL^I ^ 3 jIjj 

4-uflj ^]| ^IpLLqJI ^3 4aJLS\J| *■* - - 4^-Ll» (J 

^(Javel Water) J-JLp- *Lq ^|jb>ei**iLj Jujl i <JjJL*-qJ| JjJlJIj ,«LjLJI 

jiajl) ^ 1 ojS y *Ul ^3 yj* jjbb>- J j JL>*^o j\ 

O ^*E-A-> T * /2 l l .(5.3 

.LJlSLiJ J' L*-s^ Lo Jj>- O^So ji 

jjJ^ 4iuJl 1 J jJL>t>o ^ ol ^lai cij^j jl 

* 

4ajJL*J il ^Jl f-Ul ^lJ ^ ^9 ^)*dJ *i-»Jl J_y* 

. iwj j.ll ) 4 aIjl>c1uiiI ^ist ji 4 Aa 3^ 30 a ijiii j iS )\ Ju J aj c-LJJ 
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. c-jliJl J\ iisLL«> 
. WEDC : 


L o 1 43 J j*^ jj Jl^Jl oJlJ* C-olS” tijj 

* 

o jlB Axj J^oU^Jl f-L«Jl ^3 Us>^>c_Lo 431*1* ^Lj 41* 

AlijjJp ^yjiij 4 -JL*j j> j-Jl1j 

^ 2 l*j|Jul* sjlJLj aJju-s^JI £ja (Tincture) J ^1^*5 o}\ jJ> 

f-L«Jl ji-J jJa3 ji ^^>tj yS I*L£jj , 4JL*Jl 

.*UJl jl 4JL*3,> 30 3JuJ p-j ‘Lo-jJLaj il j-*Jl 

* 

c 4_3 oLo|Jl^JL^!>L1 L*J*>Lo Jj-L> C -xJ1 ^JL*j j 

. 4aaJ 1 L) -■ - ■ 0 I 4 a]uj]& 0 I^aJsJ 0 ^O^UAA^Jl l* | 
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-Ill SUaJL 


i ps 2 * 21 ' - 


3.5.6 


0~“ ^ 1 (j " * «* *y-& i_sLv» fLo ^3-e lil 

OV ^Sj l A-*_3 4—*y^ ^ 1 i C^L»jLS\J| JJ * 

^ lfl*»o ^oJj ^ JlP aj.jLs ^««a^aaiJ| I Ajl3 1 I^JI ^A^c^Mj^Axi I A^aai^I 

^j-JXAAl ^Lp) ^L«j| ^yS ^A-^CAAAsS'^ V I I OiL^J 0^ *“^ J ^ 

o ^13 ^Ja3 *L«JIj (^'bbJl <^C*/a) Alxldil kiJL^>eJ (J^L^- ^jA Jlull 

^ a > 3 X-lJ I o^jjf ^ aaa* Ax-l_pl_3 , Lj I ^jjL3 cJfcA-^o ^y-u u (^j^ ^JLlJl 

jLo-»^Jj . A^-j.5 50 <j ji £dJ jl i^-JLklj Mj ojl A j-j.3 o^Ij^j 
AaJjla t, a,/9*i ^yll3 SODIS ^UaJ ^JL>*IaaU ojl j>k Jl A^-jjJ JLd>o ^Lfljjl 
jtL- ^JLp JLpI oUAil IpJa-u - j ^Jh^au (Half- Blackened) 

litiLi^J ^-JL*-»-*J^_aJ| A-P^p a */3 & ll AaSCaaaai ^\-*J I ^yLdJl j ,a.iLp ^jj Lo 

^_5L!j ^ : a 7 jJLS^fl (PET: Polythylene Terephthatate) 

. Ix^J I ^ ^kA^BAAxJ Maaa^ 1 1 Aa50aaA« *^\ xi I ^»IaS^[ I 

Ai^oVl ( j£jj*z}\ o jh 3 01 i-jji j-Ixx^l (jiLuJl JLp-j JLi] 

^ 0l*M Iwdvalla) JljjJl dx3j oLpL- j->- 

^sdll o ^Idil oJlA JJLoj j ,^» ^aP a!L«J| ^_3 50 -J oJLaJLo jl Aa3L/? p-Lo-u- 

A 

( j-o .J-oLSULi ^ j-JJLi IjlJL» jj>*JI IS1 ^^-Jl "« » 

( _ y i £■ SODIS yf (_yl^ 0,5 W^li o-i* J j&- oLo ^JL jcJI 

^5 y> LfJj <J _j-^-jl 5I (j^aj ^1 j t(c-jjiiyi) a-<JL*JI ^L-lJl 

01 J . 3 J»«Ul J> 5j_^JlJI a-JIjJ| «L-iJl Jb GARNET 

oLpI jj> -diij- j^SOaj tj_yili aLoJl t 0 y^ji V ^LJI 

i AjJp- .o J-j jjZ J A>bJLjcoJ| Jbo A-*j>c-.A/aJi Ajo^LaJI J 9j jJm 

p & 

Aj_jL>- AidJ JLlP (Jj ^>-1 a jjo Aj jJlI] La3^\j A^o|jL>elA>ii AjjI>*J| 

•< j >4 
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^ {jA 0fc ^ A A>JLx-«Jl <*ijb i^a'^-A Cf°J 

.^UU P-LgJi ^*1? ^jllj 


4_*-Jj^ I 4_*_Jo VLl 4_>*JljC«J| A a. la j| A * j ^JL^cJLwmJ 

^q-«*jj ,4-s^ j-q-qJ| oLjISOI ^JjLflJ JaJLd Sjl ^>J| Ljlj J-® 

(Solar Water 4-^gJtJl otJ-VL p-LJl oI^^j LJIp A^JijVl oJla 
iijJL 5 jjL^JI 4 -JLo-p j iiijJLlj .Pasteurizers) 

• 79.4 *Ul Ojl j3*- £3j C-*>eJ i Aj^iia^Jl 

0LU1I - 4.5.6 


* 

^ .Sx~i *Jijj]a5 dlLJLiJl < j^y^ > y> L" LO^Pj 

*■*" l ,3 *}j>r ~ ; jLbJLl oLt^Jl *i3." i 4 « lo a « ll 4-t-t^^piJ! J ^ » i i 


01 0^1 .jJsVI sjuJ 0LJ-*-!l (_^1 *L«JI 

* 

i>-jJ <J _j-*<4» _jJl 0U t Lj ( _ r J 4L_jJaJl oJL$J s-LoJl L ^C’ 

« ii C_*4>c_J U-4 (3^^^ ^j - ■» > ■ flj-flj 4_jyi-o 100 

. i>-jj 70 J y0 ^ L$~JL*i ‘4*^5 j**Jl 


4 a W jja ^yJLi^Jl .UJl 

aJLSI (jlaluJl jjliail 4 ...;Hj JJlp 0 J& -As ^1 «LiU<s>Nl i ji 

jL^-J^Shj oOLJl JjJ-qJI cJ^j ,jj> r^/±2 .}\ ^aI j_p 

* 

LL- y y, OLJLaJl 0} Las' *, / *~£jy>- 4i~Jl ^y ^aL-j pLOl ^1_*J 

.LJl -iojy -A-*-; n « lall .S-LJI lT^* 1 

jJ-sijJJ J ,4Zjj^zS 4 ‘ .. ‘ . Sl l jl 4 jjL>J| (Jj-li oJLiu 

,<! ^JJI 


0U t 4.,-^,tSl iillaJLi 4^2«^1| aL^Jl 4.,^'.!L ^o'ill j-a L»S^ j 

* _yi IaSjj 4avi!| ioj ^iJl 3^ J <— aU-II 

,4^1 JL>^Lu.l 
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4»u1 j}\j i jglAidlj i JujJ-t 2J1 jjj Aj^JI _ 6. 6 

4-J J_>eJ| 0 L 1 - 0 JI ^3 ^jJcLoJlj JbJL>tiJ 4-JL*Jl l-bSl jjJl ^yia-U 
^ J-J *3^^^ *UJLJ L**J? jtluJl ^ 

£0 j ,4 j Jbo J^Jlj c4j LfL^P Jbo ^^uJ^LoJl 4 j 0 £tjli 

j£* L^x.1? p-LJI ^Llxj J3 oLuL^SCil oJLa j! *V 1 iSjL^ j*s> L^Jl 

JbJj>Jl j* t 4 ^ 0 1 Jlj>cJL^ i ^p ^-**bll ita—3 j*/2i ^ L>^uIa^<o 

<la-u-ljj 4_>tj| ^j|j *^*JaJLI 0 J^ol j_*Jl ^jb LgJb ^Pj ^lAi-oJlj 
^3 jbj^*-J *}\J JbJb>eJ| <Jj-flilj . 4 jj> ^ * II 

p & 

j\ aJ j ^ ^ j <jl!IjJ L*-w*»lj OLj p'LoJl 

,^Caa>I 


jl j-olj i L ^yi£L+*')l\ <jUaj J-Pj 

Ji-b cJL>Jl ^ (J^£j) (J-Z+* (J j^° *bj| 

,oL>oj ojLi»iw-l ^oVl Ula ^3 J-sa<jjj . Ijlp- cl 4 a>oL*wo 

kiljj^>J jl £j J*>b>- ^0 i^sJl 0 jlkj JlP Lol 

LaJI*J 4 P’LgJLj P jJLg^o i^g > jl) 4jjLp- Jj-b *LgJ| 

••’^ ^ ^ r ul Ji:;tJI cH * UI 


4P aII JbJj>cJL! <Ju oIjLj j3 jZjj 

^jSLIj 4_j_j JlaJI 4->t a/i ^Jb Ja_j j-U oJ_aLj>- obLlJl oJi_Aj jJlILj 


JbJL>«Jt jli kiiJJlS' t ^J-*-£l3 L^JlP Ja3b>ej LgJLd >■>■»> V \ oL*coJ^>t*Jl 

* 

tiULjk oL>t-»i j-oJl o JlA (J"' 0 (_y® Li_ j-s<a-* 1 <_JI^j 

jJj ^ j 0 SJ-LisJl y Jt!l 4iaiL>MJJ ( ^> r ... ^ j'bU i>-U“ 

I yc ijiS' '-^S ^yip Silt 1 oL^Jl . ^L.ii 

(_j^l oLJl ol 


196 



gUi ajij| _ 7.6 

(Still) j.L a.: il 0 j£jj 5aJtjCo« (JJljjaj ^cJLJl *L«J| 

4^J^Ls *L«J| 5 ./all 

n_»Jli ^>*J| «L^» iJL»«jd (ji-jj .iJ^-«Jl 


~ >n-o-Ji (J-^ 9 (j-° a ^ ; * il £j~* • ja^ ol . o % ( _jJ) 4 -p-LaJL) liJUi j 
i^-Li ^ I (3jJaJl ji jj ij-Li jjj t dJLL$i-~«Jl 

•<J^ 


0^ ^ la *■» 1| JjjJl , y S ^>eaJ I 0 L^o 4-JL>eJ ^ y S a aa> l i ^jiaJl 0^ 

,4-wollJl <J jjJl L$JlP jJLaj ( <jil5v>o j oJLajco 


(j-ULuJl * 1 ^ a S' 4_>«_]L>o 4_a_3 ^j>c_1| oL*_^J| (J LoJULP^ 

f'LoJl l.^ A.S <1 aXjO L'lijl dUllA jli i j>z * Jl ^j-o t J jjjJlj <la^>oJuoJl 

i^Jij jl 4 -S-l^P 4-uj-Jl < j^wJaJu 4 mJL>bJI oJLa .ejJbJl 

,4i>ej i«jhixii *L*ii (j y^~ 


jj[i)\ ill jl -8.6 

^>o <l)b tOjJLoJIj *1 j 4 '^.y Jbj-jj Lojtip 

o^Lpj . A>oliipj AjLi*>i| t^^aj JLoVl Ajj-1? j^*s^ { jp aJjIHj 
dl 1 ~1 oL^qJI clo IS' b| Lo^s (, <-Jl>i-oJ| 4*. la 11 oUaJL-Jl jJj>*j 

jjJLail ^Jlj| .jjJLflJl yo o j^lap" 4 a ^JLp ^ jJL>bj 4dla U ll 

j.a-S' o ^-ii 1 a |«.:j (Alum) j (Lime) j_a^>JI aJL^L 
(Nalgonda «l JL3 jJJL) ^LiiiJl oJu j . (Sedimentation) 

j! J"^ .LaJI jl jj) LjJj> ^ y>-\ j j-U kiULLA j . Technique) 
. (Bone char) la «Jl ^_^_aJl jl J-a^oJI ^ j . ' . a 1 VI 

0 1 a yg ! Jj^I ’Jr* ^ o JlA ^Li»«ljj 

.4joJL>JLI pJb 
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&yj>\ aijl-9.6 

o* °r* J ‘ \jby 

<JL*iJl v_J^P j 9 j JL-jJl J <Li j_>*Jl 0 L- 0 JI 

yS\ jj jli ciUJLS' , 4,/ai j_p •LlSCJLa ^JJl ^o^fl t JLi^Jl 

Vj .jJIjJI ^ ^lL t ^ jLiiSI jl5 ^jJI IJL* ^>o a-JLp 
{j* ji ^ o jJa>Jlj Ail? I jJl yS\ jd\ !?*■>.») jLi>-I 

t Lo^ liJ_A <*ij L> c_j j>*jj .*LJ| 

A lfl « ■>■» j ^jj_ll I JL^cJLwii I ^JlP Lv 2J 1 l » */3 A « li^ oJLA j5 

jjj) 1 1 ^aSI ^aI^aJ 

j* jZa jt&T'Z ^^ip JL*I*j aJIjV aJI>JI (JjI ^ ia3l p-lax* j| 

jJj c (Alum) jjJL 5\JLS^ ol^L-*-^£Jl y» ^IjjJl ^^JLp 

aJIjJi AjLijJ? .^-JLxlij SODIS AjL j\g] A^jLiuo JSl jiaJl oJLa 

j g- j) */? 1 4-k^ _y*~* {_** 1*3 1 SORAS *Ul 

. Aj ^£uJ| oJu J_>*Ji A^tJ jjJl oLS* JLS^ y o ^13 ( j < *.o..*t,li 
* 

.SjbJl ^ tl ji. S' j V JL JLS'I^JI ^1531 e-LoJt j 

L#* (Jijj JbJb»Jl ij|j^ ii^ls <1)1 -ia>j| 

* 

.Ajjfdl JLxj aJIjJI ^*p jjj>Jl o^LcS" ^ a 1 I JL>ni>o t, - ^ al*p cl*3 ^31 
*L*J| JjJL>J| oL£ Ai L^J JJl j-iaJl c ciUJU 

,a>*JIjcqJI aJLo-p 

( Aj J b>cjo p-LoJl y* a}\j\ aJLo^P LoJLIPj 

. k-J ij^J Jlj 3 cL«Ji 
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jjU) (^a iB 



Z>J1* _ 1.7 

Jbj^o jaXa/3 ll c-jLl^Jl |j_A ^ ^_a_P 

LajLIsjIj cc-^-jjLjVI jLjl?-Lj 4-»^>L>eJl 

» i ^_5 jJLj o JLpLu^qJI ^JaJ j , p-L«JL 3j^lil ,/a Tj 

j .j^LsaaJIj ^3 oj ^SjLqJI j^Lyfl-oJl 

^Lp Jj_v 2_>JJ oLys jl ^jJLf-oj JUttl jl j_a 

• OjLtwLurf 2 I 


*\ii}\j J^dl Jay - 2.7 

*LJ| yd 4-U ^_*j| Jj ^J-0*P kijUllA 

^o jl£**J| ^yji P-L«J| £*->*J 01 ^f-Lj C^j ^ k-A-uLj^fL 

0*^ 4 0«>lp ^j/2 JcJl ^jP SJpLi>Q £^qJ>*J J^Lflj 

* 

^ ^\j 4aIJj>*Ia*»I ^ o^ljj <^1 o->lp LJ^1>« P-LoJl 

Jj-£j ji 0^fL>eJl ^ij ,4 j>il-JLLSLj *Lj>r */g 1 i t^-JLu-Vlj 4->r .^Sl 


4^*-Lj £jL>- *1^-® (Jjli*Jl ^3 oL^oJl ^-l 3 jj Ljj j+0 

4-uL>«J| AxjjLuo ^jA oLdl— *^U (<J^i*Jl ^£S1 jl 4-kAi^- j! <Jj*-«Jl 

Lo cLl^JL O^-kJl J»Jp i^>eJ i£j >- 1 ^*-lj 

lilj .^jl>cJLm^qJI oL^oJl JL>cJlU aJL ji jJLj 
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LfjU oL^oJl cJLa yjo ^aJL>cJl1| 

j)a\A j ^cjljjjL kiJLjblJ t Lj^LqJLI ^j^lill y\& S,>ljjJ 

m hJi\ oLJl 


4jc*_Jaj 4 jDlS^ 4-uj_jVl oLwqJI jj O^a-JI Jsjj 0| 

I LJLU dUliA <1)1 L«JLp ,oL*J| £jjy3\ J^Laj (JL>cJl 

<1)1 <1) ^llil 01 ^ylxj 1 JlAj 4<joJj>J| ^ ^g j l o ^l l IJLa ^1_p 
01 Jajjil ^il* <1)1 jJ j tLfJLp J ^isl I j^ijb 

oLl*J| oblJLP ^IJLp«2Lu>iIj £_djJl Lot - L.^orH i ^Ju 

oblJbJl JU*lJ ot VJ oLJl jJLa 

••M oIJLa- 3 -*j S^LjJ 4 iL^J LjJ c^-JL>tjo 4 _flJLS' 0L144 JLi 


• ^*P a*/2j iJLs ^ 1| 


Op c^-uJl y*.^ >rJi ^jlp aJL>- 

o ^Idil <J^>- Lgj d^Jl Jaj 4-oj^Ul M-u*»x 5 jil c^-uIjVI 
j-X ./a a -IIP L*i^L» iij^i V OJUi 0l .»Uall ! 

- fll . a ]1 ^yi A .1 . a Si t " ji . 1 la" « 1' ^*3 y ( ^ j ^ Ls ^yls 


<uUl! aU! 




JSUU _ J. / 


i j-«-P {j* ^J,..^a>«j ^ Jb V 0^ li| 

*■» * />" H ^|aaj o 1 j 4 aj^s Am^a objLuJl il J ^iLvaJl b ol 

iJj-iJ 01 > r *->-iJ La (J^-l oL«Jl 4 JL 0 -P ^yLp 

^ L ** 3 I 1 .»« !l j ■ j * Lv3jI l _jt j 8 - a . ^ ■ J I a . 1 n »i ji j ■ ' ^ 

j-laJl) ojjJLil CjUjI ^-il '. ./a !l ^y> t_ jLS^ J-Jb*-i 

.(t_-»lxSCil IJLa {jA 1 J-ya^l 
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j* j**- | \ * 1 J 1 1 

m3 200 -i*-j p-jli i i 

J SL*}\ O’ mm 

J^i\ SX £*, IjZ | | jjiJI 

lj» S^JwaJl j^iwaJlj J 


I -I ^jaa»,ll 


*lpjJL <4-1)1 j^£*J! <i»*>L 
7 l o )■*» Jl oLjmJU <1 jL* 


M i III 


. <L< j-o-P f>L«Jl l jjr ./3 Hj <iJL« £_Sj o i^jal] (J 

. DLVW (1983) : >Ua Jl 


y^yC^C' '//So'<k ' I. 

I »r ^ 


4-o^_a_}V| oLwfr— ll ^>1 Ifl > ^iSl ^ . A *. -/O 

Vl ^^_sl l) 1 i— * >c-J t . j— >-**-^-LJ 4_*/? j_P 

1 4-Lftl 1 .5 j^J***^^ 

(Washers) olSCLL j! tjJua-<JL pUipVIj i-pjJI ajJJ y^ijj 

4_*jLJ} ^-Lp <^jAj l)I j t Jaj j £-bu3_* £_* 4 _JpLjL>-I otjilj 


T 




(Self - i*Jli *. ./a ll OJ .ajl^ t— i j .- t ll jj . *. ./a ll 

i— J lp^I ^ 0 jSi V olj*-Jl i«_s^Jlj Closing) 
c 4-^j-o-fcJl ^jjiil J^Lij L^oIjl^LuwI jlip aJLjIa 2 ^iaS ^jjJ 
jv-j t -y^ ( _yJ| Jjjij j_jjL_waJl oJla ojJjj (jjJJl 1 a . j»J| l)*lf 

,jJLp A • ft 1 A ^ 1 ^ T .ft. ll ‘^■_t' J n *>. ft ll al g a! . A A 1 |jJ .1 ft »“ j l ^ y>T-l 

^yj) jL/ij LoJjj *l»Jl ^ylp Jk-*-j Jj.'.ft^a! I 

,A?-L»J| JUP Lj->r.L/aTj t LjJLp <Jj*^»J| ^ L*jo L.-iI 


jl JjJj- jji oLj^o J-j y* (2l)li> dlls' 

Jais W jaiLo j**ill UlA £j A/a - U ^laL>dftai| ( ^P JUtl^- 

(jJlSI i_j^jVI ( j^ ajj^^j cS*^ Ja’ftftfta^ll *L«JI i_4j^ssj aJU- 

(_J jJ»«jo j^P h~Ij tA^J^ls Hjjlaj i y^sy}\ <lalj Aj .SjJj 

i^JLj^j jli t jj .'. ./a ll ^|JL>t^wnl ^^JLp ^LaJl aJLp- .t--JjS (_y5l" 

(jl ^-P jJl i y ftlp t A ft <0. ^J-O Aj>-Ji5 ; y ip ^yilaj OiLiftft fta A S i 0 1 . a. S| 
l ^jA$laII ft — &J j ft,<g " 1 \ (_Jj_ol ^j-o aJLjJJLaJI ft-ll 1 1 ( j-o Jil ploJl A ft a S ' 
j . (Soakage System) jl ^Lai^l {ilia; <_yJj 
jl ^Jilll 5j-i>«J l» ( ja»U^»VI jl ^al!l ^Jij < _ y i_P iLlo^l j^Jkl 

ft — ■ \ * ■* * 1 1 2 j 2 1 jj Vftt-uS .(60 ^)ft^-ift*-Jt) (Soakaway) t — j j ... " S I 
.(61 JiLlJl) istft^Lj Ajlia^J l^.ia.Tj APjl* LjS y 

.^DaP ^yj) 2 ^jJl q JLa 

(jlail ^iJLitiAftil 2.1 «» ..» i l oL*Jl i ajj ./ol S (_5ji- , ill (J^I-tJl j]y"J 

^y2.ft*i JLflUaawoJl alaJl ^iJ^tiAftil jl c (62 JSLUI) aJL>u^ jIIj jl ^_2j 

,,j5|jL>Jl 
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J&- f>j ^0;- 

jU^-lj : y~^> 


a* 

*-UJl t - t*ali 




7Atp//?^Q, 




. V.la..* jl i^j jjZZ o jAj 

.IRC (1979) : >UoJl 

^9^-wwkd ^LO tLs^ fcAjLJLwn^-J 1 f-L^Jl L- d «/? ) ^_aJ l^j ^ 

^ ip lj) «,<a>- ^jP j^lll 4 lad,; 4_*-<iJ>tLL<>Jl 

jj_£j Ai O^-Jl oL-<J| 4 A g -0 ( j^0 ^yg-A-L>t-llj 

> 

<lJa_dJ j_dJl_) ^JaL-Jla^l *1 jj>-j iL»ej| L^-w^Ll* 

4-lj) ^ .»» i 4_djj_s^J f-L*Jl l)I L«-JUa t ^Ljjj-lJl 

^ j^-1 4-^oJl>- oULLo ^j_>-j ^2-*-) i^*P jjj 

^ p 

.*i* JUtMl ^laij ( j^> ji!L) 
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. J j jl J jiJ 

.IRC (1979) : >UaJ I 


:62 JsCill 


Of- jjlS’ jb 3 J iji J 4_Isj2j I—* 1 

(3 4-jLfl-^Jl <LJ Lo 1_*_4 j jA Oj^l jl JJ -* 31 3 .oLw^Jl 

C^l.5 jlj->~ Ow«kA_>eJLw*l 1 1,5 jj . 4_1 j>«lJ 4-*_PjVl Jj->-J-J 4_v2_Lo3| 

f-lljl 1 g - — *- j 4 A H d -L t .a L _ - j lalj JlS O^jJlLm^o JlpI ji 

^1 jJl Jjj-3 °*^bp 0^° 4 l-»-Pj V l CUjLS” lilj .f-J-oJl 

Jy 1.4 m ^lijjl ^1 p 4-s^oJl jl i^^wnb^Jl 


^->*- j 1^5* .fUJL LgJLL* Ji*j 4jjj j-*flJl j+& jl £3 j 4-^Lo-P 
( yA 0.45 m ^LjLjjLj ^jJjVI ( yj* Lkjl 4 _i_jLj a «,<g ; a 

*llj t ^y2^>tLo J->4 J i £w*J>*lJl «dajlj COjj lilj 

Of-j_L«-*Jl <Jj_>- ( j-® cili g:...* ll ^li-Jj^ I 4-]a_wojJL« 

^s-* l5 j-^' SjiLlHj ,4~Jj jji Lf-*i ^ jl j! J.J Lfiji 
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->>nJ J A J OijJ^O <-JLp V-ij^ 

j' l*~Aj tiy Jljj 4jj>- *J-« ,j» JlL*^~«Jl 




JutMjSj ^.o./at pULo^I Ja>- alj* — 4.7 

ojjVl ilj^ .1.4.7 


v wul-j^ I c^>nj 1 4 jLiJl oL>j 4 -lP jJ ^ 1 p 4 la£l>boJLi 

.IjUaJI jl*? 4 j>JL)uJI t_-jlj‘i/l t,X^~ yju Jl 

kai t*L«JJ SJLOo ikva^o <_» ; jLj > ifl Jajj ^J-^aLLo 0 j£j 

,_jIj 0_^j <_$J-SI ^ jJUl ^ki- 1 L«JJj _j JLj-!t i— ojo! 

t^^aJl *Ul Saw.^> Oj-jVl ^ ei-«-Sl bit./i <US 03j 

.O^jSlI -kx^kl jl t t _yjrla.»!l *L«J| L».^> jl 

to-Aftl oJla ipbv» 4 - 0 Jl>sJLw«-oJl ^1 j-qJ| ^0 Jj| JjUllA 

^3 4-Jl>*l>0 0 ja !>- ^lp <J ^s^>*j| Lo^o AjILu^j 4jll*-*P- 4 ] L$Lo JS" 

•Q 0 J l*i* 

^ ^jil ; (Metal Pipes) iJJbcoJl t^^jUVl • 

. Ji'llU J& Lfj| ^JLil ^P -kj^JJ 4 -^ ^P Jit j 4 -^LjLu-^UI 

< 1)1 cJj -5 {y* *LgJl J a-*yg Ajojlio L^jL^oLjj 

i^A-Ljlj^fl jl ( 4 j^>**^J| (jkllgJl ^3 Lg-uu-N) C^ilaj 

(Jl Oji ,>• J* 

<±J> : (uPVC) ULp (PVC-u) Jl Lj-jfct • 

, J j ^ "-* 1 oJLftj 9 > j ±/ 3 1 4^9 '^X>0 CIajIS” t O^lp 

i—^jUI : (Polyethylene (PE) Pipes) 4 ^Jl-JI ^) j-Jl ■— ^jUI • 

^ MDPE ik- ^yuJl aiiSJl oli j HDPE 5 JLJI JiliSJl oli PE 
jLksSfl oli PE v_--jl-il .SjjjOo oJlS 1 li) t ^ . .<» a T jJLS^I 
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JJLij La UJLuJI 100 m) aJLjjJ? 0 L 2 J 0 j** */a !i 

. i i ^ryaljl aJUis-I c ^J-s^Lia ,>JLp 

4 L.^; Aj»- jJ ^|Jb>tI-u-Lj ^L>ti Ala^iljj PE c^-uLI Jaj^j 

{y> t^JlxJl ^ d (jA\ j (coupling) apU>J| JajJ j ^]| Ails' Lo 

■>■»!! LaUJ Lj j* ^bLo j c^iUJiS .Jg j _* *> 11 

ojj j-tjiJL oLilj_>eJl jl oblj-ill J^S^ILlS c-^-uLjVI Jla-u-jJ 

> * 

,4-<i LI? jUv 

:(Asbestos Cement Pipes) iLJL- ^iJl c. ... . .<Sfl c r _^L;l • 

^ y> 4^soj| Jp jbj*- dUliA jUa3*ifl J iojtie^uo Lf*J 

. 0 L- 0 JI Jail c-~j->LjSll J> £^1)1 liJLjfc 
S’jJL J) J “tip SjLlj 

4 j-ilJlj >Ltjl Li 9j Oj^J t >— 1 Jla«.il ^ 

,4^JL>bLaJl e J.* ,/>\\ ^Lasii jl SjLijJl J£ uLUJlS'j 

^jjVt »1 a...:.^l Ja>- .^aJ - 2.4.7 

; Jp JLJI t_j 

, A-L^>*J C J jlla.q.S| P-LJI A^«S 0 

4 *a oUl ^lp bL*Ip|) A-J^-lhlil Ajj-JL>*J| G 

.( Vj jVl ^*p Jl iiUVL tjrfslJ 4^/0 LJ lijj 
,i_j 1 J*b/I Jp l»l .... II L «,/jS l 9 

. 4j>- J"i/I Jj-JL" ijii t3_^S ® 

LoJtlP ti-ojlal<Jl Jj“ta 4liflj (_jl Jp L».^>1| 

J (Static Pressure) J^SLJl laJi^aJL ti5L_±Jl Jj-b Jb Jia 
Is 1 .-.t s-LJl jLlsI .SJLftJ SiLp sLoJl is* ^ 4 la 5*. ii tiDLj 
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Ji-ta pLJI aJUoj (^JUl ja j i (Pressure Head) L~»! j 

t K ‘/l i 1 0 b 4 4^Lp j . 4 . . * ^ 1 1 4 L 2 * l l 4*11) t ^lp ; ^Ljcj 2 \ ^ C- 4_-)^*jI 

jj-j Ljj j ^iJl 4 L 2 -.il Jj-b (j ( jj w j^-“ L*./» 

.. * .,Lj 1 l»4j (oi_^>«-iO ^ j j * ... .< 4 i i pi .» 1 i ^ j i « ... 4 ^LpI 
j .(iSL-iJl (_yi 4-kU lL j! <J\) L« ^yvail (Pipework) 

^ILlil ^ tSjz^t ►La -^TJi V laJiP ol./ail ^ 4laiJl oJLft ^ L*./ail 

^UaJ jj 4 4 .1 .>J| (jLLuJl j_yij .("ilia jJJLil pul) 

(Break Pressure Ja**iJl c..:2:i L.... j jl^j aj^j jl ^Lidl 
4 _j J j~b JaJw* <_jl JJLL** JjJliP j .aSLJIJI jlJlial ( _ j JLp Tank) 
^jJULjj 4 0L^>Jl ^0 ^yjSLJl Lii./jil JJL^j 01j^“ ^ 4_j^iil) 

iajjJaJl oJLa ^y> ^IjJbj ,4_Jj^jSfl jL»ulj"if (_jl 

. L*jJj jA La. All 0^5vj Lai*>- 4— ..)1 jV| JyO 4jlll>sa 

L a ./a il Oj-^J I 1 u* bjL>- pLoJI £-9J-1j LsJLLt 

jjjuj . (Static Conditions) j ^5LJl o"l/b~ J*ili- j^5euJl JaA^aJl 

.Jj-ljJl ^j/0 OjLoj pUJl i)l^S>-"ill ^ji) 4±lii ^ C-»~*J| 

! p -2 jl-tlal ^ylf 1 La. /ail Jjb ibjjj IJLa 

.(l)ljj>^il (J^taa ail^j • 

.t—i_jJ"i[| JhS (Jljli-I • 

.t—ijJ'ifl <J jL oiljj • 

,^lA“|jlJl 4_J^^I £&La» 4j^ij- O^ljJ ® 

4>" 4/^ ^ ^ (4-«-4a-Jl (_yil i^lJL ^.la^l 

.*11 gT... . 11 4^J">Lo oVjjL«_l pLoJl £3jJ J yLjJ> ^ Lt . All 

jJall) 1 JLLJl Sjji J^li>- oL*il {ja S 5^Lf> ^LLlSl p » A/a I j 
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>1 7 V Lo jj jJ* oJLfJlj I JlA 2 ^t/aaW 

^3 I lla W a/9 0l LqJlP t V^aS^wJI OlP JJ A A a/3 ! i ^Jl lg W A^g I i 

" m * 

.o 'jy/** Ol j!a 3 Jl3 

^LlajJl i L<^a (63 J^-JLSl) ^-jjjJlU oLoUaJ OJLSLlaj 

£Jb>- iKLlj ^jSfl ( _ y JU> jl-^j (jJJl j (Branched System) £yuJl 

^LlajJl ji ^yisjJLlVl jJ* < _ y jLiJl £jjJl j . L$J i */2 <4 oL^jdjj Oj-pt-iJl 

< ^jLj *b? 1 y> (Grid) iLoL-JLs <5LJi ^yJl Id-* .1 a ~* jj) .jJUa-II 

,(i^ ,/>».! 4 La. 7 ’^jJl 

4 p. 

0 j_a_ 9 j 1 ^ 1 £J J 4 Ljj JLj 0 j_a_p*-VI 4_5_jjJaJl ^ ^ a/3 ,) j 

oO_A ■<> a/3 a . Q LSL J l_) A \s * .ft 1 j W l a .p. !l ^ y3 l a *>l^f 4 ^ L> r 1^ l i 

^il ^lp 4 ^^->*-qJ| P'Lo^l ^ * */? ^3 Ijl ^ -fllLuxI Lo^-oP- 

J-sA3 <J j-*-~JU J C 0 jLkil oli i^-uLJl p|j_>*JLu-l 

^ 1 p JjUi jl 0 j-> ^0 £c^L*alj| ^ys>l jP^ 4* jlal^il ^yi l 

Hall I 4-JL 

oLL-j>JI j a-JLJI p. .A^ril jl^Ii jo j 

jia3 jLi^l ^3 oj*Jl iiU^fL 

^j-s^^-«-ll I i-1a . 4-u^jVI aSCaJLII ^Uaj a ^ ■>/?*! ^J^LJI 

,^)l>ti| LhS' ^3 47 a L*J jULjOO 

t J j_a_j! ^J-^J jjjL^TM^. ii <jl-Jj->*-ll jg A** J-I^O >» I (jl 

<3 i^jjJLI t^JJaJl j 4 0^-^-*-* , “ll ^jp ^3 4 A-a^L»j2. a a*> ■» I i ilJ jlli 

J-^*>LJ| j^LvA-oJ| jJj .4_^La_JLI| yjp jl?-I jJl 

V I olSwtJl ^«Jaj| i-*aj J SJ^^a obLij) ^u>-l jaJIj 

uJ_jjVl . tj ..A jj _ 3.4.7 

(Laying) .1 ..*^ j (^51 t_y^l ^ ^u Li^L! ajlLi^c-q^JI ^1 ^ a I I 
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4jlil>t*Ji I JJ oliaLl>-i JL>-^jj . 4 jS_Li>c_a> Jajjj 

JlLP Jaj^J 1 J-s^LLo JjlS" ^IJL>iJLu-15' i 1 ^0 

o*>L^> jJl oli ^jUVi aJL>- ^ L-Uj (Jju^j lj 

jLipVL t (Push - fit joint) JaJc^JL c-JU 

Js»L5jJI ^>o SjLkiVi **iAJS £-*j .4Jl«iLJijlj ^ 11 

jl j-La* 



<£L*i ^Uaj jCi, j_gJLJl ( j»..«<u]| 

. WEDC : jJUoJl 


63 JS^SJI 


0.6 m j c ^£^Jl*Ji ja»<» ^jA 0.3 m Ju+ajJ 

i y>Jy\ o^j*^ uf* 6j^\ c^j l_^> _jl 

i— Ul Jj^d! jl jj^jSn jijtj jl iw— »* j_j .>_il j( <j) 

CjliLk ^Ji O^y jy*^ai\ ^y> 

ila^l^j jl ik— 100 mm ^ L^U— JbjJ V 

j l)Ljj ( 3_/kll 1 Aa jj J-ij 

(J^_>- 4j L ai .4" * « « la > 0 4 j ^ iJi 
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^jA < 1 ) j& c)l i^yJLx^Jl 

^jP jj ol 4-*-^0 j ^ojJl A-jjs-LJl ^j^oj .IjLl^ <^p y*p jjo 0 j-£j ol 

^5 oJ^mjI j (^jJl ^ J -fljJi 

JJLij ^jJlP 4 JL jiaJi oJLa ,oLju>cJLgJl *wi_lS' ^JLp jl aJLSL«J| 
^ Cr° <j^dJ ^UJl ^Jl ^La j (Settlement) 

4 ^ >r la ■>.«»! I a-qJI (^^3 4j 1 Ol t Ifl ■>■»!! cL^oJij 

fiji . I ^1 ^-1 j-* <y.j^ <jV 

LtJLLp jl t L a . « . / i > 0 ^ lili .O L i k .- j> 01 

Lo OLp *-*> < 3 ® ^ ^-*>1 j-i-«J! 

Or^ ^k - 9 c*-*-sij li^j .ijyL!l tj ^>.-0 Lf** ^ *** ^ *L«Jl Lg-JJ 

JU>L~-~» OJLSi O^i toLttJLi ^Z jJl i-j\ y <j ji *S yL* Cj\y^Ji 

( yJLp Js^L>biJ ^j!L^L *t> >»Ji j « * ^J_t- ^L>aJ.j 9 ^-pLo-ll 0 f ^3 

.(-jl jjftjMl 

jLy^il £jJl>- £-vs>jj « Li-2-5 1 J^Ij* ^U-I c 5 ^j“ 0 ll 

. 4 - . OLiL-J SLlJSJ! y& Olj- jl ^ZyP~ jJL^Z-l i Oja * -/? 

* 

ya *i[jj (_$JLs>-^ ^yPrla.^il >LJ| i_> oJlA 

j\ t^i j jsU jiiii j^-b ol 

d*>&j c^uLjVl ^j_93 jJL*j bj 4 ^jJLxjo i^^ulJl ^IJL>cJLw«i| k^s^jj 

4 4_jLo-?“ 4_?-L>tj ^-5 -j-j oJla oLi tkiLSi ^°j 

•j\j^p j\ oUl j-^>- Lj-J y (J-^L^o SJL--^i>o cJLS' lij Lo^ u »^f 
<» * 

lijj .jL>c-?“l jl jj_> r^ j i-j j-^Vl 4_1 ?L?-Ij ^ju <jLo->*JI (j -L j^j 
oli 4 -jIjJ oJL>i bbJLuuif^J 4 . JaA3 c^aajIjI CJ j3 jj 

^3 c-^-uLjVI <jL<^>- o'yi^tJl ^aj^j ^hj .<, ilaL <IjLo c-Jl y>- 

.kJLoJ>elJl 4-Jlxil olpLflJj^l 

4_JL*Jl JoliJl ^3 oLoU-^» jl ^ a ^1jl>cj JlS 
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0 jtfL ^JL>r*i *.«■>■* 4^0 Jl>sJ| * J j_ol 015 bU ,4jL?ol jl f \ j g i I 

.ijj*- j-o j-ft (_jl 4-JL P <iajij ^^3 .^1 jpS(l (_pl 4-^iJ 

4-£JL»jl«JI 4 iL ./» ll JS'Li^j 4_a_LSL!l . 1 s~ ^^SLik-j 4 a ^ L 1 1 >. i ^ <j 

,f -\ ^jJl oLaLa^aj 


L ^ ^ ^ t I 4JlU| j_J 1 JaUbJl ^L«_v» ^yJ) J 

j j£s~j (_5*aJ jl coL»r«L<3^il JU^L ^LJLlI ^bil t— ij-J'iJl y* ^Ij-^-l 

t dills' J_yi »lj JLS j^yiJl 4.1 ./ail ilj-«Jl (Flush out) 

(1)1 (-J_jl*ifl y *lj^-tj ^La U 4aj“>(>i JjjLSj ^yj CjbLi^/S J^y 

.oIJjJUjJI JLfcpV jl ^Uazll l jfi\ 


^yj JS a ^0 ^y^d^l JalJl J (1)1 (^a*j ti/L^ill 

L. lij V*- J-Vl 0^-j . JSt=Jt j! ob^jdl & (_iisaj t jsS/i 

(1)LS lip lt _y^jb jl CUjLj p-JLaj jv-Li 4 la I 1 I jL~j ja-i-P 

(j _j-~- 9 t4-iL/>jSll jl aLiLaJl ol ^-a— a < » j_5_5L> I J-jjj (_Jj-J“)/l 

aJLxj dllL~a J^t- ^ylll c^jLjVI ^ue 4jjLLa 4 P oL i^ailj I 

jl 
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■N\ 


jJL «/? ^ 11 jLjl?- I ^JLp *■>.» .» 11 qJLpI **> & 1 L? j> t LJl IJLa 
L jJjbj ^*JI 0 L 0 ^1p <J 

jj^ ^ y3 t, .- 4 JLa^ ^j -0 ^ tto— * I iJLA 

^ i^jL^Jl oJla o j-sa 5 lijj •(^“1 i-u-ljjJl Jl^Lo 

C^lS' (J jJj>iJl J oJ_^>- ft J J ,/3 1 L -Jj 1 la A \\ J| 4 .L » 7 

jl ILJU aJUa!I oli ol> jJL*-<Jl 0 Lktp-j . aJL ju <_$ ^>-1 jjj 

.ibLo oL>ri3,/j!l ^lijl j(^~ SJbUil SijAsu 


(Technical Briefs) 4-iixil jl ilLs-'jLo *1 j2]\ I _ r Lp 

: ^-«J| ^ (c— i j-^j^n) iSLJJl ^ Sa y>- y> 33_64 

http://www.lboro.ac.uk/well/resources/technical-briefs/technical - 
briefs.htm. 


213 



Price (1996) 152-167, 

200-250, 

568-579 


° « 'i 

3 3 i 


« c 5 f? 

3 & * 


*s ¥ g * 

a a j 2 a 


i 

¥ 

>1 

§ 3 

| P 

a 

VO 

s ! 

■t. 

« 

w 

"s 

>r 

3 

VO 

X 

Vl 

§ 

* 3 

6 3 

« 

Vl u» 


OJ 

VI 

VO 



* & 

£ -F 


I 1 


t I T* 


fc- 

«. .r 

•t *<" 

U ft! 


■c -» g r & « 

'••U 1 I - 2 -C V 

m S f ml 


214 




IRC (1988) 74-80 170-171, hjJj\ S jjtflL .LJt gj - 2 A 

175-187, 190 
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15-19 63-73 200-250, J3j=Jt JyJ i.Ji. . 133 

568-579 Ifcll jll 

6567 78-79, 152-167, 3. 34 jj-Ul _ 233 
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il*J! ^ O^Ull £j\a oU^ivoJl plijt ^il! 1 j*J j 

C^jj-I c~Jj £jj-l j*Jl Ju!*1j 1*»-V) (2 j>«LJl) 

Caimcro88 Jardan Smet X van 




86 469 »UII j J>Jt -kj . 2.7 

86-87 140-146 469-472,549 26 J»UJt .UJI -US . 3.7 

1-224 458-497 29 jl^. - 4.7 

•Wj 
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oii ^suji jiJL.yL sjuaJi sajj 


aS^Ap 


o J_A O 


^_3 .> j JlL-0 *!> J j ^L-^| ol 

jl (Pickford) (1999) sjj-a. SLu ^ L») OVl ^ j Water lines 
^>- (j ji L«i 33 ^ ol Jl Jljj| j^Ssajj .(1999) (Shaw) j-£ 
^jl UoiJLt ^ i .(3 (Ji»t!L«Jl ^iijl) WELL ^ 

.oU jl**Jlj ij ^x*Jl jiL/K jaS oLp*iv» 


SlaJ 4.:S:JI of mJI 


JSI JL* oli auui f lijVl) 

Oljull 

p*Ji 


(1991) sjySL, J 

isjlj 

11, 14, 36, 56 

L)^L« flUl jji- 

1 

34 

JjJbL) j| £^iJf 4 jI?» 

3 

39 

LjJu flj jA£- jX> 

4 

43 

^•LJi lw.^i {jA jlj jLj_>- 

5 


JiUI 


11 

frlif Sjji 

7 

1, 14, 36, 56 



33, 35, 41 


13 

11, 36, 56 

iJj* j^a«l aL* 

14 
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21, 1, 11, IS, 21. 47 


15 

19, 25, 50. 51 

(1) *11) i 

17 

20 

M 

18 

17, 25. 50, 51 

( 2 ) ii'iijij ,m 

19 

18 

►HI 

20 

15, 1, 11, 15, 21, 47 

(2) 4iJa.ll J* 

21 

47 

jr^l Cy ‘-r’j' — ■ 

22 


oUl 

24 

17, 19 

jii-l J ^ | jA 1 

25 

32 

olp J oLa^Lp 

26 

3, 34 


27 

44 

1 L — aljl 4^. .* 

29 


4-pUi>-l Sjb[ 

30 

26 

jl kwij 

32 


( 1999 ) jA j 

Jjlj 

13, 35, 41 

ijjJiJi CjUfc^ail U>\ 

33 

3 

^jJb 4 5 jLt- 

34 

13, 33, 41 

iLli (_£ Cjlifc-^a 

35 

11, 14, 56 

^L-ll c.‘.» .«*^fl {j* flLU 

36 

4 

iJyLidl jljSM Uj 

39 

58, 59 

i*.JUI illjl 

40 

13, 33, 35 

VLOM olit-A* 

41 

5 

jAi LI JSI J& 

43 

62 

tSjl jUl jip oLU 

44 

58, 59 


46 

22, 58, 59 

<S" jJI eL> 

47 

47 

5 < <Li) 

48 

55 


49 

17, 19, 51 

iiUaJl ^j£- k^jLLSol 

50 


219 



jil oii asm fiijSit) 


r'j 1 ' 

77. 70, 50 

«J till iiUaJ 

51 

17. 19 

4^5 y ^1 _ till 

52 

49 

jJUall jL^-l 

55 

77, 74, 36 

i~J?l*i| u_i-^a jj -OjiJLli till cAS|j>- 

56 

59, 77, 75, 27, 40. 47. 

1 tUU Vjdl U-Ull 

58 

60. 65 

58, 77, 15. 21. 40. 47. 

2 ,UJ SJjiU ii-UI 

59 

60. 65 

15. 21, 58. 59 

(Moringa jjJL fill Jjj ^ 

oleifera) 

60 

44 

s>jUi jJsim tsjijJiH -Li* 

62 
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awi asLiJi gj* jp &U jU\ jiU- 

J ^Ul a |jl.)IL «L*JI oti ^SI^JI ^ Ji &\ *lljk 

{S j ^~ l oLisLjji oJLa ^.lax.! 01 LoJLp L^-*<2ju OJLJ^j 

^9 oljil JLil .aJL^p iZJ 1^ ^sl ja ^ 

j[ ]a <Sfl ^ a > r ~ ... o ; jJLljlj j—?-Tj t (General) ^Lp c-j_>- 
(Hand ojJ-Jl ol> ^ <JLi dJLiJlj t (Rainwater Catchment) 

«jjk ^J> <-y^ ^ .Pumps) 

. (i^J LlSvil |j_A .>IJlP| £l 3 j-A JS ^ylp oLo ^LcJl j JLoJJ 

fU)l 

Garnet ^Sj-a 

^5 ^Jl j (Global Applied Research Network) J ^ai^» ^a j 

^jLgJl >fclll <Jb>*^e ^3 olfl jJLscoJl J.>Lli aJT ^jP ojLp 
j j LlL£J| <Jjh» <5LJi aIjJ^Lu-L (Sanitation) il 

^3 4l^-o 

*LJI 0 j j-JL j 4-A-Lx^<kJl o Lo. la 1 ^ 1 1 ,>JLxJ (Links) j_-_3 j_j 

^ooL>t>3j C ol£~£j ^£^*-1 ^-51 4iL^^L t^ys^-sAil 

* 

.^tao 4 jjJLlJ| oU^aJIS' 41lA» ^y22l>iJ 

www.lboro.ac.uk/gamet 



Lifewater Canada y> 

oli (Links) -laj I jj oLojl*Ji ^ 4 o il £-3 j-«JI lift 
* 

^jA Jl>jCLaJ . <HSUl jjjLJI J- fl J>elil 1 jLcJ I 4JU0 

. «Online Training and Technical Links» ^LjIj ol» ^LoJl 
«Water For The 01 y* L^Jl LiaiJl oUa^bUl jiyj 

,oh>ejVl I1 $j 1 j Lljco World» 


www.lifewater.ca 


SKAT 


Swiss Centre for Development j\) SKAT £_ 




jJLjJ Jajl jj i Oil Cooperation in Technology and Management) 

* 

Olj^j .^yUi J y oL»j1m {j* |Jb^» J*y jlh-siA-W {jA 

. yfi. ^UJl I 

www.skat.ch/ watsan web/content/technolo gy/ general.htm 

.£-3 'j^JI lift Wftl ^yiu ^51 j-oJl A^Aj ot LoJ^ 1 

www.skat.ch/ watsan web 

Waterlines £J y> 

{International Journal of Appropriate 


J! Ul. 


5UI, 


Technologies for Water supply and Sanitation). 

£-^l j-«-!I ^ JlpL*o iiiUl dL^oJl aljud c^i 0 )j 

^ iiL-Jl ■slJLp'ill J^_*a-»Jl Oil jijJ Lo lij tiJUaJl oli 

. ITDG ybDl ^ LaJI^I jl t*UJl 

www.itdgpublishing.org.uk/waterhnes.htm 

WELL £3 ^>0 

,_yi jLft 3 j*iflj 4 . L . 1 I o^vaJl (_y«- y> ^ y> j*j 
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^*^3 j * -51 JLijj .JLiiJ'yi jj- 1 3 JjjJl 

.(DFID) Jllaj^Jl JjjJl ^jjlasll 

oLJLkii 4 -JL>*^oj 4jjj_s oLUn^-l WELL ^ 3 j-«Jl j^j-i 
A— a^_SL>*_ll tNGOs djL^.la .1 ,»Jl ^-0 o^l^— 51 

e- cH 1 • !J ^ sJI r* 1 oUil * j] 

(2 Jjj*JL*JI j-tJl) Waterline _!L 33 ya L.--:JLi.II 

Uj<->- jl>.1 i Running Water ^ Si j 
,_yi Cross referred L-iil y cj j - 11 .Jla 0 , 1 : .J jJj 

aL»^ lj® JJa t WELL jiyj . 1 (_J»JU-!| 

i y to^_v<aJl j tiiliiiJlj t oLxJLi 4_i^l_p LjJ «uy?l ■/»?— -I J jj- 

.(_$ o ^Sl _^oJ Uijl (Links) JojIjj .LusLJl ol-tlJl 

www.lboro.ac-uk/well 

World Bank ^ ^ 


<_yJ) ^uuJl World Bank y ( _ r Lp LJbJl L.L<all 

.^yLJI aljuJl CjLlalj oL° ^L lJLi 4j y oJujLo j^L/2>° 

www.worldbank.org/html/fpd/water/topics/tech_supply.html 


DTU *tA 

(Domestic LJ^JuJl tj e-L» ^Li^j^. 1 g-aUy u^-y 

3-b- j -CLclil j-<Jl j Roofwater Harvesting Programme) 

Juj 0 ^ 4 kiljjjl J <*jaL>ti 4xjll]l iLiJllfril L*»jJbo y*- j] y&]\ 

jUa>o"in oL^o 4 _L/j CjIS (_5 y >- 1 £»l y oUpLjjMI 


www.eng.warwick.ac.uk/DTU/rwh/index.html 
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JjjjlJI *y>- 

HTN 

j . ^ ^ . i I ( <iJKi]| ^JLx3 i ls^j 1 i 4j-oJLjtll ^S\4 ■>■>* i l *■>* « i 

1 ^J /3>T 4 4 1 J (0 ^ AjOmoJI 4 A 4^"ji ^ 4 4 / ?1^4ftJ ^L>- ^ “• VA } J lo-i i 

.Jjj^lJI O Ur *.<3 41. ill jjjJalil j oVl>t4» ^ 

JLji^ ^ (Jj-j 4^_«JL*-!| ija^p I j-«Jl iSLJLlI 0 j ./o' j 

t Bush j Uganda U3j lAfridev ii_y=>l j-o-S' UjjJ-JI qU, ./> *> li 
L^5 .U^-p j Yaku - MAYA - TARA obk-*i^ j t M ALDA j 
.oijJ-iil >liij cjU ^L coJb a^jLIL«J| ^>c JUj 

www.Skat.ch/htn 

Lifewater Canada £* 

oL«yi»-Jl j^y l-t>- S.t.i^il ^*o IJla *i»j 

(_J jj-Vlj 4 _i_jJ_aJ| pUt *4 4i. il ( j^_; >«J (_J jj-l -la-jljj J j-s- 

«0nhne IjLs- Lfji^ cLljlS^Lj L> SjIjuJI 

Training Manuals and Technical Links». 

www.lifewater.ca 
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^LiJl 

5JjU ota 0 *-13 ^JjqI j oDal Jj*J 

1 metre, lm= 100 cm= 1000 mm = 3.281 feet= 1.094 yards : (length) J jUI 
1 kilometre, 1 km = 1000 m = 0.6214 miles 
1 inch, 1" = 25,4 mm = 2,54 cm 
1 foot, 1 ft = 304,8 mm = 30,48 cm 
1 mile = 1,609 km 

1 kg= 1000 g = 1000 000 mg :(Mass) *B3I 

1 kg = 2,204 lb = 35,27 oz 


lm 3 = 1000 litres :(Volome) 

1 m 3 = 35,31 ft 3 = 220,0 British gallons = 264,2 US gallons 
1 litre = 0,22 British gallons = 0,264 US gallons 
1 megalitre, 1 M 1 = 1000 m 3 

1 British gallon = 1,2 US gallons = 0, 1605 ft 3 = 4,546 litres 

1 metre head of water = 0,1 kgf/cm 1 2 = 0,00981N/mm 2 : (Pressure) 

1 metre head of water = 1,422 lb/in 2 = 1,422 psi 
1 Pascal, 1 Pa = 1 N/m 2 

1 bar = 10,197 metres head of water (although often for simplicity it is assumed 
to be 10 m). 
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: (Flow rates) JjLm 


1 litre/s = 13.20 British gallons 
per minute (gpm) 

1 m 3 /h = 0.001 Ml/h 
lm 3 /h = 0.00527928 million British gallons per day (mgd) 
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^LLjLbI 


Hand - Dug Wells 
Back Wash 
Cable Tool Rig 
Fixed Diffuser Vane 
Cover Slab 
Reference 
Domestic Use 
Barbed Wire 
Cement Grout 
Cross Reference 
Rehabilitation 
Water Recharge 
Head Works 
Maximum Total Daily 


Ijj J j ej jLI 
i_il jis ? I 
(jjJlj yL > Jl 5lil 

4Ij1j o 

frUajJl 5iL>- /ojljJ 

iSSLi iibL-1 

JSL,c^l 

J&y 

JjaIj SalpJ 
Oilpi 

AJWfcl i 

LS*y. LS ^ 
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Roofing Sheets 


Slotted Plate 

AJirfLiuO ^J| j 

Delivery Valve (or Tube) 

f i-J 

Stand Pipe 

OJJ-u-Lo /eJj-Jl 

Well Point 

J t J J-Jl 

Sump Pipe ^ 

*LJ| <J C-*5l ^ 

Down Pipe 

«— jjji/alil i-J 

Washout Pipe 


Casing Pipe 


Riser Pipe 

£fj 

Siphon 


Overflow Pipe 

4J5-U1? / 

Flexible Pipe 


Yield 

<J -n 

Washout 

ol ^>tjl 

Sag 

/JLa 


4jLa*» ^>tll ^tf'iJkJ 

Shuttering 

Ju 4 j 

Starter 


Auger 

(t,.- dtj) ^<L>iJl 

Solar Water Pasteurization 

,UI o i jpu**j 

Casing 

AxlaJu / JLu* / /i jllaj 

Faecal Bacteria 


Pulley 

0 
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Ware 


Brickwork 

(j^jUaJl) ellj 

Well 

jri 

Driven Tube Well 

j| 4j 4a 1 jXi 

Jetted Tube Well 

4a3 L) 4aJ jajI Jj 

Hand - Dug Well 

* 

Watertight Well 

jZj 

Roughing 

^jAA^JLl j 

Provision 

jjd : 

Uniform Granular Soil 

^ J 4aaaa^- 4J 

Uniform Fine - Grained Soil 

4 4^pL 4 aaaa^- 4j j} 

Gravel Soil 

Ji. 4j J 

Top Soil 

4a3 j* 4j j 

Reciprocating 

<3»S 

Sludging 

SL>j| C-AA A- jJ 

Seepage 


Fluidization 


Life Beyond Designs 

^jj j-lail ^-woLs^j 

Stage Upgrading 

4aJL>- jA 4j Jl*j 

Jetting 

<ji Oji jSl^ ^11 

Discharge 


Impervious Formation 


Masonry Mount of Earth 

jvilj /^h'j /JJ 

Purification 

4aJJ1j 
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Split Pin 


Air Release Hole 

• «•* 
l . A 1 

Borehole 

♦ •* 
j&>- 

Artesian Borehole 

<_£j ijjj' 

Machine - Drilled Borehole 

J\ i-jliioj i»-w2j 

Hand - Augered Borehole 


Counter Weight 

J5J 

Sharp - Edge Notch 

!aa 1j 

V - Notch 

V 4*3 <L<Ju 

Head Wall 

/^oLo| jlkA^ 

Competence 


Impermeable Walls 

oLflj jaP 

Threshing Floor 

j-Lo !oj>- 

Outflow 


Inflow 

(Jl Oijj?- 

Cumulative Outflow 


Cumulative Inflow 


Stator 

*j?r 

Foot Bridge 

oL*w^O 

Hydram Body 


Guide Bush 

<Aj>- /aJU^ aAs*- 

Boulder 


Coupling 

tH - 

Permeable Banks 

4s *- jj i /oLu oLi?- 
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Wedge - Wire Screen 


Bar Screen 

jL*a9 

Tripod 


Guy Rope 


Wire Rope 


Rope Thread 


Stone 


Sedimentation Chamber 

JxS' J fi 

Surge Chamber 


Suction Limit 

«Jl Zj^>- 

House Compound 


Cast Iron 

Ju Jts>~ 

Upstroke 

oL>ejIj aS' j>- 

Straining Unit 

4-JLxil} i A /a1? jjli/Lo 

Rain Water Catchment 

jlia> 0 1 ^«j>gIa^o / 4j jlaj aL^U- 

Excavation 


Development Drilling 


Shallow Dig 


Soakaway 

^LtjjVL ^LoJl <wij ^ jJtJ o 

Pit Latrine 


Public Domain 

^LLaJl /oLHsIlj jjs- 

Grouting 


Rule of Thumb 


Annulus 

oj jj / AjLU- 
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Bituminous 

Baffles 

Precast Concrete 
Suction Hose 
Sedimentation Tank 
Break Pressure Tank 
Grapple 
Draw Dawn 
Trench 

Soakaway Trench 

Saking 

Impelled 

Plastering 

Securing Bracket 

Payment by Comsumption 

Pedal 

Hydrological Cycle 

Fly Wheel 

Driven Head 

Pump Head 

Winch 

Strainer 

Flush 

Backfill 


jbjr- 

Jaivoll C.»n~ olji- 

Jl A">- 

L ^a\JiX>- / 

/^ib 

d-lwj jl 

Obi btfri 

iJbJl Sjj-lil / oLJl Sjj3 

jLis 

<iy- (j-ij 

/^y A*»b 

Xi Sbl /(jjjlj 

J— * 

s y^ (°j 
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Infiltrate 


Compaction 


Bracket 

ijfeZ ‘-•J 

Debris 

LLflj /jli? /^LSj 

Droppings 


Slurry 

Jjj l&JJ 

Rural 

iSjJ /csk) 

Drilling Stem 


Weir 


Earth Dam 

“ L - 

Sand Dam 


Rock Embankment Dam 


Cup Seal 


Soil Embankment 

y jlJL- 

Clay Dams 


Infiltration Gallery 

cry 

Aspirator 

ilsLLwn 

Gabions 

i j| jl]! j\ AtJLa <JL>f 

Flood Plain 

CjljUijill yb jyU 

Accessibility 


Guaze 

^ yJjjUB ^fcm>d j 

Plastic Mesh 

AaSvaa. kM^hi aSv»-u** 

Grid 

4a>o LmJLq 

Priming 
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Scalding 

Direct Action 

Constant Head Asperator 

Fissure 

Cast 

Apron Slab 
Rock 

Fractured Rock 
Jerry Can 
Valve 

Washout Valve 
Air Bleed Valve 
Impulse Valve 
Foot Valve 
Piston Valve 
Non Return Valve 
Nut 

Yard Tap 
Spring Box 
Shallow Tank 
Compressors 
Pressure Head 
Unconsolidated Strata 
Pitching 


jlitJl jl *UJLi <— ala.t 
^ J\ &LLi 
{jb j 

0 

^ oi> /aJIi?- 

IfAj+aji /^L^» 

l ,yH 

*1 Ojj 

^ajiLS' 

is^p /il^o 

t ”j Had. .^A 


jLJjI 4P ^j-»>LJLq /^-Ij Jaxi^ 
4>c^qJLo yS> 4-d>- jJ oliLi? 
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Debonding Layer 
Consoledated Strata 
Sludger Method 
Caissoning Method 
Silt 

Fixing Collar 
Drilling Mud 

Biodegradable Drilling Mud 
Puddled Clay 
Compacted Clay 
Beam 

Rain Storm 
Lever 
Field Kit 
Fishing Tool 
Vonder Rig 
Raked Debris 
Hydrology 
Camshaft 
Crankshaft 
Rotor 


i*jLo dLij 
♦ • 

Lq^PJLo AjLI? / As>zJ>Jlo 4jL]? 

O LL ye 

(J ^0 

y^\ 

JjLi ja=~ 

'JZ&ji / JLJLo ^0 

ioUia /ivijlp 
4j 

4*3 1 J\ <ilP 

olj^l oJp 
oJp 

jjb y o , ^ : ’ 

4-Jul>0 C^JLp 

oLsLJl /L^- ^Jp 

Ij JL^cJ I ,3 

/ AjllP 


Eye of the Spring 

Mesh ^JL3I j j-»p 

Thatch L$jlc obU oU-^pIj i .,/^V) *L<jp 
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Slits 

4A J? oL>*I3 

Design Life 


Washer 

1 JLd 

Overflow 


Extractable 

g-l JjIS 

Form Work 

cij>o c_JL£ 

Tiles 

JL* j5> 

Guide Rod 

Jj 

Roller Bars 

jl 4aaJL^- aJu/? j^o t,, 

Precast Segment of Concrete Slab 


Bed 

A 

Hinged Flap 


Clamping 

LL***? / JL- / 

Heavy Duty 


Free Residual Valve 


Ram 


Stack 


Sheeting 

^y> jl f-iiaP /c y~S 

Free available Chlorine 

(^budl) j _ y iLo> 

Unsustainable 

Jlk V 

Chisel Bit 


Drilling Bit 

Jl i*i! 

Shell Bit 

43 ^J»cje 4-oJlJ 

Rotating Bit 

Sjljj 4*Ji! 


236 



Waling 


Scumboard 


Photo Voltaic Panel 


Spiral 


Overflowing Water 

*Lo 

Screened Water 

P-Lo 

Run Off 


Rising Main 

JLP ^mmJj Jb-Lo 

Lining Material 

AlLu>o oLq 

Drive Pipe 

oj^-*iLo 

Livestock 

/a^Lo 

Trowel 

^JLo 

Mound 

^lSo*2u-l /Uj / 

Peak Demand 

SjjJJI oLlk» 

Intermittent 


Durable 

C^jIj j \*j£* 

‘ -1 j h ll 1 1 ^>wL>r “ 

-j 3 iSL** + -kJU-) k^LoJL 4 JLJLq 

Mortored Joind 

(f-llJl 

Perforated 


Ravine 

hj y^° 

Erosion Gully 

< J ^ 

Threaded Coupling 

^Lo 0^5 / 

Cup Seal 

L5^“ (^“ /cT^ 

Clogged 
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Stand Point 


Surge Plunger 

4x3 1.} 

Water Tight 

P-UJ 

Airtight 

9-\ ^JU JLdLo ja£* j 

Ingress 

J 

Core Reference 

jd+a* 

Well Point 

jul\ / yv> Jl i_j LL jj ^ ja 

Windlass 


Catchment Area 

jdxo^fl 

Static 


ji *L«Jl 1 

il ^ *LJ| 

Piezometric Level 


Intake 


Swivel Bolt 

jb' 5 jU— « 

Pivot Bearing 

^^1 ■ ^ d il fcA ^ rtiVr^ 

Handle Bearing 


Actuated 

. ! * * 
9 

Workshop 


Overflow Spring 


Gravity Flow Outlet 

^-5 

Perimeter Drain 


Drain 

oLxi <_j jj*/5LA 

Glazed 


Pump 

4>ca^Lo 
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Deep Well Pump 

aJL*jl!| As>xl^U0 

Progressive Cavity Pump 


Treadle Pump 

i3 j>*-> 

Rope and Washer 

ASQjljlj Ap-*a^° 

Force Pump 

^a£>cJ 1 | A-^t A 

Rotodynamic 

Ojlji AaSIwoIIO A^a^LO 

Cylindrical Diaphragm Pump 

AajI jia— - 1 Aa3j 

Direct Action Pump 

l «■» ! 1 1 A>T a/3 A 

Hydraulic Ram Pump 

J *\kj£ Ap^a^lb 

Oscillating Water Column Pump 

Ajj^IA^I A^>r 

Submersible Electric Pump 

-Who 

Suction Pump 

Aa/?Lo 

Rower Pump 

4a£|Jj>uO 

Wind -Powered Pump 

S^JL ojIJLo A>ca^>o 

Volute Centrifugal Pump 

AaJJJJL>- oJLjIj 

Hand Pump 

4j J Jj 4>r^j 

Reciprocating Piston Hand Pump 

Aaaa*a£>0 AjjJb A~*r ./la 

Heavy Air - J*2iJl *1 yfib « jb* 

Actuated Single Piston Hammer 

Down the -Hole Hammer (DTH) 

Jj-ta *2 ^l*- 0 

Jack Hammer 

Aa^JjjJLA 43 jAjs 

Ladle 

(_j jfi abt /ii yu 

Lever handle 


Slotted 

^laii 
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Chlorinator 


Aquifer 

up* 

Confined Aquifer 


Puddle Clay 


Cement Mortor 


Flocculators 

oIjlJLo 

Committed 


Low Lying Area 


Down Hill 


Hack Saw 


Drilling Rig 

Jte*. Aa/2\a 

Infiltration Area 

AJLkLa 

Stand Post 


Bellows 


Technical Brief 

AfJSj ol y>- JA 

Hampered 

<jL*>a / <-2 J-3 ya 

Spilt Water 

4L*m\ oL>j 

Artisian Water 

AjjIjIjI oL» 

Rain Water 

jUxoVl oL>0 

Surface Water 

4^>r \a*M oL*>0 

Potable Water 

^bwJl f- Lfl j 4j2a*>J| oL*>o 

Waist/ Water 

OjjJL^O /^>ol_P oLuO 

Catchment from Roof 

4jiq»>oq oL* 

Gutter 



240 



Gutter trough on Poles 


Suspended Gutter 


Bailer 

*l«JI 

Belt Drive 


Dewater 

fc? 

Ground Water Table 

^ *LJl 

Soil Removing System 


Soackage System 


Collection Points 

*LJ| /Js»Uj 

Communal Water Point 

<5* jlJLfl jj Aiadj 

Stand Post 

oL^oJl jj 4 lad? 

Pivot Point 

<1)1 jj* <la5j 

Expanse 

^JLo ! /aLi.w) / A*-^J 

Trickle 

j°A. /Jdi* /J^j 

Hedge 

jj" 

Push - Fit Joints 

£3Jl!Lj 

Rod Joint 

^>J| i AjL/»J 

Swivel 

jj y 

Joint 


Connector 


Screwed Connector 

A*J ^Jub aLu^j 

Plinth 

aJLJ?j 

Sustainable 

Is 

Cape with 

/ajL>*J 
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Gravitate 


Cut Into 


Circulate 

j ***, j / ^3 JUj / Jj 

Improvise 


Refill 

f-»j /fV- 

Displace 


Dispense with 

J^. I<J* /Jo . 

Intermesh 


Insert 

.j 

Seep 


Spring 

/j*^ /^jri 

Fissure Spring 


Install 
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Accessibility 

Actuated 

Air Bleed Valve 

Air Release Hole 

Airtight 

Annulus 

Apron Slab 

Aquifer 

Artesian Borehole 

Artisian Water 

Aspirator 

Auger 

Back Wash 

Backfill 




^j3Ju 0 / jju^A 

A «-daJ ^ l ■>., <? 

♦.« >i> 

t- . d l 

A ^j-lJ ,\a'.A jjP / 

oijj A*L>- 

Sjljl /ils'ilj /“W> 

j*’- ‘-r* 

°W“ 

(c^J&b) jk>A \ 4aj^j 

ijl ^1^4 

•j**- 
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Baffles 


Bailer 

pLoJl 

Bar Screen 

ys?\s- 

Barbed Wire 


Beam 

/a* 5> 

Bed 


Bellows 


Belt Drive 


Biodegradable Drilling Mud 


Bituminous 

(jU^Jl i ya) gjjli 

Borehole 

♦ «lr 

jAz*- <sJLi 

Boulder 


Bracket 


Break Pressure Tank 

k*yail CU-lij jlji- 

Brickwork 


Cable Tool Rig 

{jjJLj Shi 

Caissoning Method 


Camshaft 

CjIj 

Cape with 


Casing 

/ jlu- / ^PJJ /a jUaj 

Casing Pipe 

/iwiJLxj i_j 

Cast 


Cast Iron 

Ju Jt£>- 

Catchment Area 

jUxoVl £**>*I*-a>0 
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Catchment From Roof 


£jkJl y, 


Cement Grout 
Cement Mortor 
Chisel Bit 
Chlorinator 
Circulate 
Clamping 
Clay Dams 
Clogged 

Collection Points 
Committed 

Communal Water Point 
Compacted Clay 
Compaction 
Competence 
Compressors 
Confined Aquifer 
Connector 
Consoledated Strata 
Constant Head Asperator 
Core Reference 
Counter Weight 
Coupling 
Cover Slab 


JSL,c^l 

-W- 

JJ&A 
J / / JJfct J 

C...M /jLi /.k«i 

F-UJI 

4j 

jZituQ aIaaj 

/jULo 


<U^JLo 4J.U / AS>kJ>Juo aJLJp 

^51 iisLLi 
^L-l jJ-4^ / 


p-Llaxjl 43^- /ojljl 
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Crankshaft 



Cross Reference 
Cumulative Inflow 
Cumulative Outflow 
Cup Seal 
Cut Into 

Cylindrical Diaphragm Pump 

Debonding Layer 

Debris 

Deep Well Pump 
Delivery Valve (or Tube) 

Design Life 
Development Drilling 
Dewater 
Direct Action 
Direct Action Pump 
Discharge 
Dispense With 
Displace 
Domestic Use 
Down Hill 
Down Pipe 

Down the -Hole Hammer (DTH) 
Drain 


JV 


^yiil y jllun) 

I 


AajI 4x5 J <^>tvX8 

p-LiJ^U <xjLo aaA? 

p • 

Lli /jil* /obl^ui /^iSj 
jtJl 

J ^Lo-*** /l— J 

JJdJl « 

c->* /c^ 

^JuL-0 

t^ll I 4j>c-j^2j0 

lo* /Jiji 

J 

U»uS 

iwL i_j jJl 

chilli is 

sL= <_s j ^ j 
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Draw Dawn 


Drilling Bit 


Drilling Mud 


Drilling Rig 


Drilling Stem 

j03 > Jl JL- 

Drive Pipe 


Driven Head 


Driven Tube Well 

/i ) jjj 1 jii 

Droppings 

d-'jj 

Durable 

d»jlj ! 

Earth Dam 

■ A -“ 

Erosion Gully 

Ij?^ (Syr* 

Excavation 

/ jOs- 

Expanse 

^JLo l ^ 1 /jjuutlj 

Extractable 


Eye of the Spring 


Faecal Bacteria 


Field Kit 

AJljLua ol jjl oJlP 

Fishing Tool 

Js>Ui!l 3 Jlp 

Fissure 

/(J* £ 

Fissure Spring 

£jrd 

Fixed Diffuser Vane 

iod 0 ^*£lj Jjibjl 

Fixing Collar 

Jjb 

Flexible Pipe 

0 jj> i— J 
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Flocculates 

oIjlJLo 

Fluidization 

J a*' 

Flush 

J— p 

Fly Wheel 

jLi» 

Foot Plain 


Foot Bridge 

oLlLo 

Foot Valve 


Force Pump 

^>*J| ^3hAJl Jui 

Form Work 

i Jli 

Fractured Rock 

((_£ ji^o iJb?- jji^o 

Free available Chlorine 


Free Residual Value 

AaJLlUjo o y>- 

Gabion 

v_-*l jill ^ l AmI Lo 

Glazed 

J ji./3 a 

Grapple 


Gravel Soil 

4j j 

Gravitate 


Gravity Flow Outlet 


Grid 

AULo LmJLo 

Ground Water Table 

*LJ| (jUaj 

Grouting 


Guaze 

^yjjco 

Guide Bush 

/^JUta aJL>- 

Guide Rod 

jJ i^***£& 
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Gutter 

» >1 

Gutter Trough on Poles 


Guy Rope 


Hack Saw 

jLlio 

Hampered 


Hand - Augered Borehole 


Hand - Dug Well 

* 

hjJj jil 

Hand Pump 

AjjJu 

Handle Bearing 

^SlJuJJ fc JLl^a 

Hand - Dug Wells 

> _y 

o j jLI 

Head Wall 

Jajb- /^qLq| jlJbj- 

Head Works 

CjLiJLa JUpI 

Heavy Air - JJiiJl *1 (^U-l 

Actuated Single Piston Hammer 

Heavy Duty 

\C, 

Hedge 

j}** let**!* /^A? 

Hinged Flap 

aA+OJLo 4j*}U 

House Compound 


Hydram Body 


Hydraulic Ram Pump 

4>*-s^La 

Hydrological Cycle 

4-jL«J| SjjjJi j oL^oJl ojji 

Hydrology 

oLsLgJl /L^- 11 

Impelled 

JapL^> /^b 

Impermeable Walls 

oilij jaP 
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Impervious Formation 

(***^ 

Improvise 


Impulse Valve 


Infiltrate 


Infiltration Area 

^-LiJ jl aa ] o\a 

Infiltration Gallery 


Inflow 


Ingress 


Insert 

.j 

Install 


Intake 


Intermesh 

ciLLiij /jjJLxj 

Intermittent 


Jack Hammer 

<L£J jjJLA A3 ^Ixo 

Jerry Can 


Jetted Tube Well 

Ai$ L j AaJ^-uI ^2j 

Jetting 

(3^ Oji yo jSlS' ^j.^Lxj 

Joint 

J-v^ajLo /a1* 

Ladle 

O ol^l /a 3 ^x>a 

Lever 

Axil ^]| aIip 

Lever Handle 

aJlIxJI 

Life Beyond Designs 

Jj^laJl JUVI 

Lining Material 

AliflU A o^Lo 

Livestock 

i-^lj.5 / / A^J- Lo 


250 



Low Lying Area 
Machine - Drilled Borehole 
Masonry Mount of Earth 
Maximum Total Daily 
Mesh 

J-°JJ Jt-rj c. 

Mortored Joind 
Mound 

Non Return Valve 
Nut 


(_y)T j&- k_~2j 

/ £fV“ / cF 

rfj Ja-JLp-) i?^L«JLi 4lJLo 

(*LJl 

^i^»CLuul /Lj Ij ^^0 

t yc rj flw> 

4SJP /H-o-y? 


Oscillating Water Column Pump ijljiANl ^LJl a 


Outflow 
Overflow 
Overflow Pipe 
Overflow Spring 
Overflowing Water 
Payment by Comsumption 
Peak Demand 


£jUJl oL/r 
LsLo SaLj / jL/j.t 

^ziUo »L« 
^ia 

SjjJJl oLllala 


Pedal 
Perforated 
Perimeter Drain 
Permeable Banks 
Photo Voltaic Panel 


i~>l ja 

LmuQ j 1 • HjJ> 

is~ y /oalij 
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<j J* ij - f ^ibJI fUJl 1 - 

— j) ^ia i */i !l Lf Sjs*i\ *LJ| ^ 

Piezometric Level 

(fliijVl 

Piston Valve 


Pit Latrine 

S^is- 

Pitching 

CUijlJl JJ j iida 

Pivot Bearing 


Pivot Point 


Plastering 

£f-3 hj* 

Plastic Mesh 



Plinth 

Potable Water 
Precast Concrete 

Precast Segment of Concrete Slab 


Pressure Head 
Priming 

Progressive Cavity Pump 
Provision 
Public Domain 
Puddle Clay 


oJ 

p-Lc / AjlZS\ oL>e 

Lo i jj>- p *3 i 

(jLdl if ^Li») 1 a'%^3 

J*>U?bU aljtfj 
ipOjtdl^Ji dll 

1 0Jr^ Jti-X 

^LlLaJl /iwiJldlj ij?- 


Puddled Clay 

Pulley 

Pump 

Pump Head 
Purification 


0 
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Push - Fit Joints 

Rain Storm 

Rain Water 

Rain Water Catchment 

Raked Debris 

Ram 

Ravine 

Reciprocating 

Reciprocating Piston Hand Pump 
Reference 


ZjLu’Ip 
jUa^Sfl oLuo 

jUajsl /^J^l L xb 4 

4_Jj La i^JLl t Lulp 

A_S yt** 

<S»S 

j AjjJu 




Refill 

Rehabilitation 
Riser Pipe 
Rising Main 
Rock 

Rock Embankment Dam 

Rod Joint 

Roller Bars 

Roofing Sheets 

Rope and Washer 

Rope Thread 

Rotating Bit 

Rotodynamic 

Rotor 




Lojdi 4-jx 


J^b olpj 

kJLp L^» 

o 

( 

yL>*}\ l aJL/>j 

JLp- 4-L/? jjQ £_>o 

A^LaJlj 

l^ 13 Jr- 

ojiji a^ji] 
Ojlj.5 AaSCooLj^ ,/yj : 

a^-j jA j <ilP 
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Roughing 


Rower Pump 


Rule of Thumb 

o ^ I'^.t ^ J* Jr* 

Run Off 


Rural 

(SjJ li_skj 

Sag 

Ja^il /JLo 

Saking 


Sand Dam 


Scalding 

jU*Jl j\ 

Screened Water 

*Lc 

Screwed Connector 

aJ jJLo aJL^ j 

Scumboard 

AJLoiil ^J-sA3 

Securing Bracket 

jLol ioLpi 

Sedimentation Chamber 

SS J> 0 

Sedimentation Tank 


Seep 

*** > jl j 

Seepage 

J /<y 

Shallow Dig 


Shallow Tank 

Lr^J 

Sharp - Edge Notch 

ilp- » 1 <dj 

Sheeting 

o pUaP / a j.r 

Shell Bit 

43 


p-pjJ dx3jpo ^J^xA 

Shuttering 

(dx3^o Jj Lx ^J5vJb) 4j 4j ^>t]| 
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Silt 


Siphon 

0 yLm* j J t 

Slits 

4jL ]& oL>dd 

Slotted 


Slotted Plate 


Sludger Method 


Sludging 

1 AJULjt jl 

Slurry 

o^> 

Soackage System 


Soakaway Trench 


Soil Embankment 

^jI y ^IJL* 

Soil Removing System 

4j jiil lLL _y>^ 

Solar Water Pasteurization 

*Ul o ya+Mj 

So okaway 

*Ul (wJ 2J t J jjZ* J 0 \ j£>- 

Spilt Water 

41a»I oL>o 

Spiral 


Split Pin 


Spring 

/J^» /^>rd 

Spring Box 


Stack 


Stage Upgrading 

4>Jl>- j-a 4j Jl*j 

Stand Pipe 

A-ojli oj^»-*iLo / i_J j_ j! 

Stand Point 

£dJJJ Ala^ 

Stand Post 

oLwoJt <daJjj 
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Starter 

Static 

Stator 

Stone 

Strainer 

Straining Unit 

Submersible Electric Pump 

Suction Hose 

Suction Limit 

Suction Pump 

Sump Pipe ^ 

Surface Water 

Surge Chamber 

Surge Plunger 

Suspended Gutter 

Sustainable 

Swivel 

Swivel Bolt 

Technical Brief 

Thatch ((JjlisJl 

Threaded Coupling 

Threshing Floor 

Tiles 

Top Soil 




<-y>- 


-t-i obi / 
LJLxijl L »L>- /ii» yi+J** 

4 ajIj 

f» 

*Ul <J j-iJl 

4 .C» - oL>J 

oj ^jiil o 

jix>0 4wj|^j>0 

ij y> *L/>j 

j\ji J‘/3“ jl«— J 
4*1 5j Cj| J a a y^- Jfi 

l$lo CjbLi j < ...ai) 

c_J j-Lo j 

>Lj /o^>- 

JuoO ^3 

aJ 
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Treadle Pump 

Trench 

Trickle 

Tripod 

Trowel 

Unconsolidated Strata 

Uniform Fine - Grained Soil 

Uniform Granular Soil 

Unsustainable 

Upstroke 

V - Notch 

Valve 

Volute Centrifugal Pump 

Vonder Rig 

Waist Water 

Waling 

Ware 

Washer 

Washout 

Washout Pipe 

Washout Valve 

Water Recharge 

Water Table 

Water Tight 
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Watertight Well 
Wedge - Wire Screen 
Wen- 
Well 

Well Point ^tJl 

Winch 

Wind -Powered Pump 

Windlass 

Wire Rope 

Workshop 

Yard Tap 

Yield 
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Caimcross, S. and R. Feachem (1993). Environmental Health 
Engineering in the Tropics: An Introductory Text, Second 
Edition, Wiley, Chichester, UK, 310 pp., ISBN 0 471 93885 8. 

A Number of Sections is this Book Give a Good Introduction to 
the Diseases Related to Water Supply and Sanitation and 
Possible Methods of Control. It Contains Useful Sections on 
Rural Water Supply and Sanitation. The Section on Water 
Supply Duplicates Some of the Material in the Original Ross 
Bulletin No. 10 Published by the Same Authors in 1986. 

Jordan, T. D. Jr. (1984). A Handbook of Gravity - Flow Water 
Systems for Small Communities, ITDG Publishing, London, 
UK, 250 pp, ISBN 0 94668 850 8. 

This is a Most Comprehensive Book on the Subject and is 
Recommended to anyone Who Plans to Implement Piped 
Gravity - Flow Systems. 

Pickford, J. (ed.) (1991). The World of Water. Technical Briefs on 
Health, Water and Sanitation, ITDG Publishing, London, 
UK. ISBN 1 85339 096 0 

This Book Contains Technical Briefs 1-32 that were Originally 
Published Singly in Waterlines. 

The Briefs are Useful, Well Illustrated, Four Page Summaries of 
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the Important Aspects Relating to Various Aspects of 
Health, Water Supply and Sanitation in Developing Coun- 
tries. They Contain References to Important Sources of 
Further Information. Note that Technical Briefs 33-64 are 
published in Shaw (ed.) (1999). 

Shaw, R. J. (ed) (1999). Running Water: More Technical Briefs on 
Health, Water and Sanitation, ITDG Publishing, London, 
UK, ISBN 1 85339 450 5. 

This Book Contains Technical Briefs 33 - 64 that Were Originally 
Published Singly in Waterlines. 

The Briefs are Useful, Well Illustrated, Four Page Summaries of 
the Important Aspects Relating to Various Aspects of 
Health, Water Supply and Sanitation in Developing Coun- 
tries. Note that Technical Briefs 1-32 are Published in 
Pickford (ed.) (1991). Technical Briefs 33-64 are available at 
www.lboro.ac.uk/well/ resources/ technical - briefs/ technical 
- briefs, htm. 

Smet, J. and C. van Wijk (eds.) (2002). Small Community Water 
Supplies: Technology, People and Partnerships, IRC Technical 
Paper Series 40, IRC International Water and Sanitation 
Centre, Delft, The Netherlands. ISBN 90 6687 035 4. 

This is an Updated Version of Small Community Water Supplies: 
Technology of Small Water Supply Systems in Developing 
Countries Published in 1981. It has Fairly Comprehensive 
Coverage of the Technological Aspects of Water Supplies. 
This Latest Version has a New Chapters Relating to 
Integrated Water Resources Management and Water Supply 
in Disasters and Emergencies. Other New Chapters cover 
Desalination, Fluoride Removal and Arsenic Removal. There 
is a Revised annex on Sanitary Surveys and Laboratory 
Analysis, and a New Annex on Groundwater Exploration 
Chapters 1-4 are available at www.irc.nl/products/ publica- 
tions/ online/ tp40e/ index, html. 

Watt, S. B. and W. E. Wood (1979). Hand Dug Wells and their 
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Construction (second edition), ITDG Publishing, London, 
UK, 254 pp, ISBN 090303 127 2. 

This is a Most Comprehensive Book on the Subject and is 
Recommended to any Who Plan to Implement hand Dug 
Wells. 
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Almedom, A. M., U. Blumenthal and L. Manderson (1997). 
Hygiene Evaluation Procedures: Approaches and Methods for 
assessing Water - and Sanitation - Related Hygiene Practices, 
International Nutritional Foundation for Developing Coun- 
tries, PO Box 500, Boston MA, 02114-0500, USA, ISBN 


09635522 8 7 


This Book Provides Practical Guidelines for Evaluating Water and 
Sanitation - Related Hygiene Practices. It can be Read at: 
www.unu.edu/ unupress/ food2/ uin lie/ uin lie 00.htm. 

Barlow, R., B. McNelis and A. Derrick (1993). Solar Pumping: An 
Introduction and Update on the Technology, Performance, 
Cost and Economics, ITDG Publishing, London, UK ISBN 
185339 179 4, and World Bank, Washington, DC, USA, 
ISBN 0 8213 2101 3 


A Comprehensive Book which Includes a Comparison of the Cost 
of Solar, Diesel, Hand and Wind Power for Pumping Water. 

Boot, M. T. (1991). Just Stir Gently: The Way to mix Hygiene 
Education with Water Supply and Sanitation, Technical Paper 
Series No.29, International Water and Sanitation Centre 
(IRC), The Hague, The Netherlands, ISBN 90 6687 016 8 

A Useful Book which Looks at all Aspects of Understanding and 
Influencing Health Behaviour Relating to Water and Sanita- 
tion. 


Dayal, R., C. van Wijk & N. Mukheijee (2000). Methodology for 
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Participatory Assesments with Communities , Institutions and 
Policy Makers: Linking Sustainability with Demand, Gender 
and Poverty, Metguide, Water and Sanitation Program, The 
World Bank, Washington DC, USA and IRC International 
Water and Sanitation Center, Delft, The Netherlands. 

An Excellent Book that Describes Participatory Field ’Tools’ that 
Can be Used to Help Ensure that Water and Sanitation 
Projects Meet Users’ Needs in the most Appropriate Way. It 
is available at www.wsp.org/ pdfs/ global_ metgideall. Pdf. 

Fraenkel, P., R. Barlow, F. Crick, A. Derrick and V. Bokalders 
(1993). Windpumps: A Guide for Development Workers, 
ITDG Publishing, London, UK, in association with the 
Stockholm Environmental Institute, 156 pp., ISBN 1 85339 
126 3 

A Comprehensive Book which Gives Details about a Number of 
Windpump Manufacturers and Suppliers. 

Fraenkel, P. (1997). Water - Pumping Devices: A Handbook for 
Users and Choosers, (second edition), ITDG Publishing, 
London, UK, 254 pp., ISBN 1 85339 346 0 

This Book Covers all Types of Pumping Systems Driven by 
Manual, Animal, Wind, Water, Solar, Engine and Motor 
Power. 

Gould, J. and E. Nissen - Petersen (1999). Rainwater Catchment 
Systems for Domestic Supply: Design, Construction and 
Implementation, ITDG Publishing, London, UK. ISBN 1 
85339 456 4. 

A Very Comprehensive and up-to-date Book on the Subject of 
Rainwater Catchment and Storage. It Includes a Good 
Section that Gives Outline Details for the Construction of a 
Number of Different Types of Storage Tank. 

IRC (1988). Handpumps: Issues and Concepts in Rural Water 
Supply Programmes, IRC Technical Paper Series No.25, 
International Water and Sanitation Centre, The Hague, The 
Netherlands, 163 pp, ISBN 90 6687 010 9. 
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A Book that Gives Useful Advice on Handpump Technology, 
Installation, Maintenance and Manufacture. 

IRC (1998). Multi - Stage Filtration: An Innovative Water 
Treatment Technology, Paper Series 34-E, International 
Water and Sanitation Center, The Hague, The Netherlands 
and CINARA, Valle University, Cali, Colombia, 165 pp., 
ISBN 90 6687 029 1 

A Book which Gives Guidance on How to Treat Surface Water 
Sing Different Types of Roughing Filter together with Slow 
Filters. 

IRC (1991). Partners for Progress: An Approach to Sustainable 
Piped Water Supplies, Technical Paper Series 28, Interna- 
tional Water and Sanitation Centre, The Hague, The 
Netherlands, 139 pp. ISBN 90 6687 015X 

A Good Introduction to the Philosophy and Practice of Full 
Involvement of Communities in the Water Supplies Designed 
to Serve them. Although the Focus is on Piped Schemes, 
many of the Suggestions are also Relevant to other Water 
Supply Methods. The Book Covers Planning, Implementa- 
tion, Operation, Maintenance, Monitoring and Evaluation. 

Lloyd, B. and R. Helmer (1991). Surveillance of Drinking Water 
Quality in Rural Areas, Longman Scientific & Technical, UK, 
ISBN 0 582 06330 2 

In Addition to Information about Water Quality Testing this Book 
Describes ’Sanitary Surveying’. This Technique can be Used 
to Judge the likelihood of Water Sources being Contaminated 
without the need to Carry out Bacteriological Testing. 

Morgan, P. (1990). Rural Water Supplies and Sanitation, Macmil- 
lan, London, UK, 358 pp, ISBN 033348 569 6 

Two Thirds of this Book deals with Practical Aspect of Exploiting 
Groundwater and the Other Third is about Low - Cost 
Sanitation. The Water Supply Section has Particular Em- 
phasis on use of the Blair Bucket Pump and Various Types of 
Handpump made and used in Zimbabwe. Other Sections 
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Provides some Guidance on Construction Hand - Dug Wells 
and had - Augered Boreholes using the Vonder Rig. It has 
Short Sections on the Purification of Water and on Rain- 
water Harvesting. 

Nelson, K. D. (1985). Design and Construction of Small Earth 
Dams, Heinemann, UK, 128 pp, ISBN 090960 534 3 

An Introduction to Safe Construction of Earth Dams. 

Nilsson, A. (1988). Groundwater Dams for Small Water Supply, 
ITDG Publishing, London, UK, 64 pp, ISBN 1 85339 050X. 

A Good Reference Book on Groundwater Dams. 

Price, M. (1996). Introducing Groundwater (second edition), 
Chapman & Hall, London, UK, 278 pp ISBN 0 412 48500 1 

A Good Introductory Book on the Occurrence and Quality of 
Groundwater, the Way in which it Flows, how it can be 
Located and Tested, and the Construction and use of 
Beroholes. 

Schulz, C. R. and D. A. Okun, (1992). Surface Water Treatment 
for Communities in Developing Countries, ITDG Publishing. 
ISBN 1 85339 142 5 

A Comprehensive Book Dealing with Most Aspects of the Design, 
of Small and Large Scale Water Treatment Plants. This Book 
is a Reprint of one first Published in 1984. In Places it is now 
a Little out of Date but it is Still Very Useful. 

WELL (1998). DFID Guidance Manual on Water Supply and 
Sanitation Programmes, WELL Resource Centre Network 
for Water, Sanitation and Environmental Health, Water, 
Engineering and Development Centre (WEDC), Loughbor- 
ough University UK. 

A Comprehensive Manual Prepared by WELL, a Resource Centre 
Funded by DFID. It Covers the Whole of the Project Cycle 
for Water and Sanitation Programmes (i.e. from Policy 
Development to Evaluation) 
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Dealing mainly with Important Programme Planning and Man- 
agement Issues rather than Technology. It can be Read 
Online, Printed or Ordered, via the WELL website at 
www.lboro.ac.uk/well/resources/books-and <http:// 
www.lboro.ac.uk/well/resources/books-and- manuals/gui- 
dancc-manual.htm 


DHV (1985). Low Cost Water Supply: For Human Consumption, 
Cattle Watering, Small Scale Irrigation, Part 1: Survey and 
Construction of Wells, DHV Consulting Engineers, Amers- 
foort, The Netherlands. 

DLVW (1983). Rural Water Operators Handbook: Gravity fed 
Rural Pipe Water Schemes, Department of Lands, Valuation 
and Water, Government of Malawi, Malawi. 

Guoth - Gumberger, M. and R. (1987). Small Projects Training 
Manual, Volume II, Water Supply, Sudan Council of 
Churches, Munuki Water and Sanitation Project, Sudan. 

Hasse, R. (1989). Rainwater Reservoirs, Above Ground Structures 
for Roof Catchment, Friedr. Vieweg & Sohn Verlagsge- 
sellschaft mbH, Braunschweig, Germany. 

IRC (1979). Public Standpost Water Supplies: A Design Manual, 
IRC Technical Paper No.14, International Water and 
Sanitation Centre, The Hague, The Netherlands. 

IRC (1987). Slow Sand Filtration for Community Water Supply: 
Planning, Design, Construction, Operation and Maintenance, 
Technical Paper No.24, International Water and Sanitation 
Center, The Hague, The Netherlands. 

IRC (1988). Community Self - Improvement in Water Supply and 
Sanitation: A Training and Reference Manual for Community 
Health Workers, Community Development Workers and Other 
Community based Workers, Training Series No.5 Interna- 
tional Water and Sanitation Centre (IRC). The Hague, The 
Netherlands. 


265 



Nissen - Petersen, E. and M. Lee (1990). Harvesting Rainwater in 
Semi - Arid Africa, Manual No. 3, Rock Catchment Dam 
with Self Closing Tap, ASAL Rainwater Harvesting, 
Nairobi, Kenya. 

Rajagopalan, S. and M. A. Shiffman (1974). Guide to Simple 
Sanitary Measures for the Control of Enteric Diseases, World 
Health Organization, Geneva. 

SWS (1992). Trade Literature from SWS Filtration Ltd, Morpeth, 
Northumberland, UK. 

Wcgclin, M. (1996). Surface Water Treatment by Roughing Filters: 
A Design, Construction and Operation Manual, SANDEC 
report No .2/96, Swiss Centre for Development Cooperation 
in Technology and Management (SKAT), St. Gallen, 
Switzerland. 
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